DESCRI PTI ON OPERATI.NG TI ME REDUCI NG METHOD, OPERATI NG TI ME REDUCI NG
APPARATUS, PROGRAM AND COMPONENT MOUNTER 5 Technical Field [0001] The
present invention relates to an operating tinme reducing mnethod for a
conponent nounter that nounts conponents onto a board. to Background Art
[ 0002] In conponent nounting onto a board perfornmed by a conponent
nmounter, the nounting order for the conponents needs be determ ned before

t he conponent nmounting. In a co i ng order determ nation
met hod, the nounting order is 1?@§%wm&th the aimof mnimzing the
time dur@PERATING THME REDUCONGMET HOD 0D FERARTING FIME REDDEING
conpl et IhRE %f ggti nlg of all conponents. However, in a round robin method
in whi ch &P R"gg ir it ROCRASh AN Do DM POYN ENdeMOUNT RRner at ed and t hen t he
opti mal conponent nmounting order is acquired, the processing tine 20

necessary for determ ning the optinmal conponent nounting order increases

as t e nliecbmidfalnbield ng points for the conponents increases, so that it
determ ne the opti nal conponent nounti n%_ order within a
f t
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Di scl osure of Invention Problens that Invention is to Solve [0004] However,
I n the conponent nmounting order determ nation nethod enploying a greedy

al gqpi t.IEh cRgiOWAEAFtT™OUNt i Ng poi nt
[0002] In component mounting onto a board performed by a
.component mounter, the mounting order for the components needs
be determined before the component mounting. In a component
mounting order determination method, the mounting order is
15 determined with the aim of minimizing the time duration from the
start of mounting of components until the completion of mounting of
all components. However, in a round robin method in which all
possible component mounting orders are generated and then the
optimal component mounting order is acquired, the processing time
20 necessary for determining the optimal component mounting order
increases as the number of mounting points for the components
increases, so that it is difficult to determine the optimal component
mounting order within a practical time.
[0003] Thus, as a method for determining the optimal component
25 mounting order within a practical time, a method employing a
greedy algorithm has been proposed (see, for example, Patent
Reference 1).
Patent Reference 1: Japanese Laid-Open Patent Publication No.
7-176891

30
Disclosure of Invention

Problems that Invention is to Solve
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havi ng the m ni mrum cost (for exanple, the di stance between conponent
nmounting points) is selected sequentially, and the 5 conponent nounti ng
order is determ ned. Thus, whereas the novenent distance between conponent
mounting points is snmall at the begi nning of conponent nounting, the
novenent di stance between conponent nounting points increases when the
conponent nounting approaches the end, and there is a problemin that 10
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determ nation. nmethod is dependi ng on the type of the oOperation
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the nethqd i.ncluding: an operation |oss identifying step of identifying
an ope-rgfagﬁ 'Fo@ggt B3l O%alﬁ’\e@he conponent nounter; a

[0005] Further, in order that optimal component mounting order is
determined within a practical time, it is preferable that the
15 processing procedure of the component mounting order
determination method is changed depending on the type of the
operation loss that affects the time for mounting components onto
the board.
[0006] The present invention is conceived in order to solve the
20 above-mentioned problem, and has as an object to provide a
component mounting order determination method that permits
- determination of optimal component mounting order within a
practical time.
[0007] Another object of the present invention is to provide an
26 operating time reducing method in which the processing procedure
of the component mounting order determination method is changed
depending on the type of the operation loss that affects the time for
mounting components onto the board.

30 Means to Solve the Problems
{0008] In order to achieve the above-mentioned object, the

operating time reducing method according to the present invention
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processi ng procedure selecting step of selecting, based on the 5 identified
operation | oss, a processing procedure for reducing an operating tinme of

t he conponent nounter; and a processing procedure executing step of
executing the selected processing procedure. [0009] According to this
configuration, a processing procedure of 10 reducing the operating tine of
t he conponent nounter is selected based on the operation |oss. Thus, an

operatin i r I ng- d.s provid in which a processin ocedure
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det er m n8 APRMHRD 12SHrisvikrdresRlveddmithe darspeinent onoceterti aal

conmponen | 1t hi practical i .0010] . _Furt her e, in

t he procggg?ﬁggsor cééﬁ‘?%d‘g‘é%eg?;%%'Qgegtei)zd)f\t/\ﬁgﬁecéh%@pelbﬁﬁ ‘P'arsTgF‘@aused

by a gonpbertifietbwperatpoovioks] awprbcassm@ryrdeadumhifot, rafiucengosat i ng

about an _axis rﬁ%ckﬁagp conponents and nounts the conponents onto a board
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pluralitprotedamponents onto a board, a board nmark provided on a board for
' | ncluded in _ conponent nounting points where a
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- conpl etion  of unting o conmpopent on the other of the two points is
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last movEs®BoMehDimbirfifhg "GrHES det@Hmh A9 Atmethod can be changed
depending on the type of the operation loss that affects the
15 component mounting time onto the board. Accordingly, a
component mounting order determination method is provided that
permits determination of optimal component mounting order within

a practical time.
[0010] Furthermore, in the processing procedure selecting step,
20 when an operation loss caused by a component mounter provided
with a rotary head which, while rotating about an axis, picks up
components and mounts the components onto a board is identified
in the operation loss identifying step, a processing procedure is

_ selected, the selected processing procedure is a component
25 mounting order determination method for a component mounter
that mounts a plurality of components onto a board, a board mark
provided on a board for board positioning or a point included in
component mounting points where a component is mounted first is
defined as a start point, for an arbitrary two points among a plurality
- 30 of component mounting points and the start point, a distance
between the two points or a time duration necessary from

completion of mounting of a component on one of the two points
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and the conponent nounting order determ nation nethod includes: 5 a
conponent nounting point information acquiring step of acquiring position

i nformati on concerning the plurality of conponent nounting points and the
costs for two points anong the plurality of conponent nounting points, the
start point and the dummy point; a traveling path calculating step of
calculating a traveling path that 1o passes individual points so as to
mnimze ap.?um of ,the costs for. two oints among the start point, the
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det er m ned bi/_ a greedy al gorithm hus, optimal nounting or
obt ai nedrargtingePathnCallafingstep of eplowating @ svaveling pathhthakact
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Thus, a closed traveling path that starts at the start point can’be
gener at £@MPENENt FRGEOREHE PRSI A theebomid; bandcguimednbing qrdady

deqcr i bapshotBing; SReg . of aRte RIS E L RYPY R B] e Bl i e he
opti mal besgmbrenthevtmavMelin@rpigth. Furthermore, the dummy point is a
15 hypothetical point where a cost relative to each component
mounting point is greater than a cost for every two points among the
plurality of component mounting points and the start point and
where a cost relative to the start point is smaller than a cost for
every two points among the plurality of component mounting points

- 20 and the start point.

[0011] A dummy point is defined, and an optimal traveling path is
calculated. This solves the problem of disorder (useless operation)
in the movement between the mounting points which occurs near
the end of component mounting, which can occur when the
26 component mounting order is determined by a greedy algorithm.
Thus, optimal mounting order is obtained. Further, in this method,
an approximate solution to the exact solution can be obtained in a
practical processing time. Here, when the dummy point is defined
as described above, a traveling path is generated so that the dummy
30 point is necessarily connected to the start point. Thus, a closed
traveling path that starts at the start point can be generated. Here,

component mounting order may be acquired by a greedy algorithm
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[0012] Furthernore, it is also possible that the processing 5 procedure
further includes a cost calculating step of calculating a cost for
arbitrary two points anong the start point, the dumry point, and the
plurality of component nounting points on the board, and in the traveling
path cal cul ating step, by using the costs calculated in the cost
calculating step, a traveling path that passes individual i0 points so as
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pi cks uptchﬁd:qs)rltaﬁ? kading pstaRd i@ frevelisgnpaiéntbasopasses mdividuad

plural.i.t CHR : ‘gt f.ar . arhi t. ints anong a
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duration__necessary frﬂm conFI etion of nounting of a conponent to one point
of the tRRIMSIRRIOLRNR theddaardis salewlataehin aglerdansenykieattreyeling -5

ot her p%id"!és%aﬂﬁﬂd]ﬂ@rﬁ? a cost for the two points, the dummy point is
defined as a point set up as a start point and an end point of conponent

mount i nd,0 &3] t$ie corpdnewelimgumpatig isrdelculated in accordance with a
15 traveling salesman problem, an approximate solution to the exact
solution can be obtained in a practical processing time.
[0014] Furthermore, it is also possible that when an operation loss
caused by a component mounter in which a mounting head for
holding and transporting a plurality of components mounts the
20 plurality of components onto a board is identified in the operation
loss identifying step, a processing procedure is selected in the
processing procedure selecting step, the selected processing
procedure is a component mounting order determination method of
determining a mounting order in the case where components are
25 -~ mounted onto a board by a component mounter provided with a
‘mounting head that picks up and transports a plurality of
components so as to mount the plurality of components onto the
- board, for arbitrary two points among a plurality of component
mounting points and a dummy point which is a point set up
30 hypothetically, a distance between the two points or a time duration
| necessary from completion of mounting of a component to one point

of the two points until completion of mounting of a component to the
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determ nation nmethod includes: a conmponent nounting point 5 information
acquiring step of acquiring position information concerning the plurality
of conponent nounting points and the costs for two points anong the
plurality of component nounting points and the dummy point; a traveling
path cal culating step of calculating a traveling path in which the dumy
point serves as a starting point io and an end point and whi ch passes
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suppl.y unit which su
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~an._gpti | traveld Il Sqohtal-ned, i No]! atjio or the
cong?)nemdi éﬂt a Hed‘ngPﬁ opcé)'?lcsii g}er?'acﬁ g)néé%l[%gjllgf&ﬁgft Wgﬁﬁrﬁr e'%o ﬁg [ EO al so
possi bl enimiahizeha dumyopehet costs Fopviviedpinta aendbay @Iﬁe%lﬁiﬂamti oy of

conponent supply openings in the component supply unit. -6 [0019] Since
t he costhrgp(?&qy% PHSEN HRAUBEF e dNgod MBI AQING; Mtd ehmeustiedst s

obt akgﬁﬁr?%gegjgggrﬁgﬁgg@t &8PV e hkte ihlg et RBdbHARSRBHE A SOntHE ©f
order based on the traveling path.

15 [0015] Since the dummy point is adopted as the start point and the
end point of component mounting, an optimal traveling path can be
calculated also for a so-called modular machine. This solves the
problem of disorder (useless operation) in the movement between

| the mounting points which occurs near the end of component

20 mounting, which can occur when the component mounting order is
determined by a greedy algorithm. Thus, optimal mounting order
is obtained. Further, in this method, an approximate solution to the
exact solution can be obtained in a practical processing time.
[0016] Furthermore, it is also possible that the dummy point is

25 provided in a component supply unit which supplies the componenf

_to the mounting head.

-[0017] Since the dummy point is provided at the above-mentioned
position, an optimal traveling path is obtained in which pickup
operation for the components is taken into consideration.

30 [0018] Furthermore, it is also possible that the dummy point is
provided at a center of a plurality of component supply openings in

the component supply unit.
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provi des an optimal traveling path. 5 [0020] Furthernore, it is also
possi bl e that when an operation |oss caused by a conponent nounter in
which a plurality of nmounting heads each for holding and transporting a
plurality of conponents nount alternately the conponents onto one board is
identified in the operation |loss identifying step, a processing procedure
is selected in io the processing procedure sel ecting step, the selected
processi{ gﬁo edure rder determ nation method of

IhS a_conpanent .m)anti n %8 |
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each mounting head is a head that picks up and transports a

15 plurality of components so as to mount the plurality of components

onto the board, a component group that is mounted in one iteration

of a repeated series of operations composed of pickup,

transportation and mounting of the components performed by each

mounting head is defined as a task, and the component mounting

20 order determination method includes: an assignment step of

assigning components to be mounted onto the board to any one of

- the plurality of mounting heads so that the number of tasks assigned

to each of the plurality of mounting heads becomes uniform; and a

task generating step of generating each task for the components

25 assigned to each head so that a time duration from completion of

component mounting in the task of a mounting head until start of

component mounting in the task of a next mounting head is
minimized.

[0021] According to this configuration, when component mounting

30  of the task of a particular mounting head is completed, component

mounting by the next mounting head can be started immediately.

Thus, a tact loss in the component mounting operatmn onto the
-7-




generated by dividing the assigned conponent group into tasks so 5 that

pi ckup and recognition of the conponents can be conpleted by the tine
nount i ng of conponents by other nounting heads is conpleted. Mre

- specifically, it is also possible that the task generating step includes:
a step of calculating, for each of the plurality of nmounting heads, a
maxi mum nunber of conponent 1o pickup iterations in which pickup and
recognit,i on of the conponents,, can b leted within a nDuntlng time for
mount i ng? e 6%@!%‘"1%%5%16}1%@%95 @P ‘%‘fgﬁr‘\?'ﬂﬁ‘é IRFABTO¥Gdeonparing a
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nmount s conponents e ot her nounting head conpletes pi ckup and
r ecogni PlBRalibpep bt e MBI hfasientes mendE)uat nmbemof icam poaete

h t head
cani; apickBR ARG Wil abRErELBR LD A olBBBnsitha | on
ef fi ci emay. bECRHIpIEbetihRitiIhea rhbuln‘-’cn@@%@n'i@%rlﬁh@uh'ﬂmg tdaﬁnﬁ@w@ﬂt@g head
includes a_pluraljty of pickup nozzles arranged along a Totating
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task order er of "conponents inc
duration from complet|on of recognition of components until

15 completion of mounting performed by the other mounting heads, the
pickup time being a time duration from completion of mounting of
components until completion of pickup, the recognition time being a
time duration from completion of pickup of the components until

completion of recognition; and a step of generating tasks for each of
20 the plurality of mounting heads, by dividing the assigned component
group into tasks so that the number of component pickup iterations
is smaller than or equal to the maximum number of pickup
iterations. .
[0023] Further, according to this configuration, tasks are obtained
25  so that during the time that one mounting head mounts components,
the other mounting head completes pickup and recognition
operation for components. Thus, at the time that the one mounting
head completes the mounting operation, the other mounting head
can start mounting operation without delay. This improves
30 production efficiency.
[0024] Furthermore, it is also possible thét the mounting head

includes a plurality of pickup nozzles arranged along a rotating
-8-




task assigned to each of the plurality of nounting heads is equal, 5 and
an order for the divided tasks is determ ned. [0025] According to this
configuration, in each task, the nunber of iterations of pickup becones
equal for each of the plurality of nounting heads. Thus, during the tinme

t hat one nounting head nounts conponents, the other nounting head can pick
up io conponents. This inproves mounting efficiency for the conponents.
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timng cemgonantg. step of determining, in the case where one iteration of
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mounting head for hoiding and transporting a plurality of

15 components mounts the plurality of components onto a board, a
board carrying-in time which is a time duration after the
components have been mounted onto the board until a next board is
carried in to a board stop position in the component mounter is
greater than a predetermined threshold is identified in the operation

20 loss identifying step, a processing procedure is selected in the
processing procedure selecting step, the selected processing
procedure is a method of reducing an operating time in the case
where components are mounted onto a board by a component
mounter provided with a mounting head that picks up and transports

25  a plurality of components so as to mount the plurality of components
onto the board, the method of reducing an operating time includes:
a board carrying-in time calculating step of calculating the board
carrying-in time which is the time duration after the components
have been mounted onto the board until the next board is carried in

30 to the board stop position in the component mounter; and a timing
determining step of determining, in the case where one iteration of

a repeated series of operations composed of pickup and mountlng of
-9.




within the board carrying-in tinme. 5 [0027] According to this
configuration, conponent pickup timng in the first task is determ ned so
t hat conponent pickup of the first task is started before a board is
carried into the conponent nounter. Thus, the nounting head can operate in
parallel to the board carrying-in. This reduces the tact tine necessary
for nmounting the i o conponents, and hence board production efficiency can

mount | gt HECoMRSTE nES R OB TR bY: Lie HmtoumTaube s astebnge dea "
det er mi ntagk stienimg ﬁ%i@k’@@b'ﬂ%_drﬁﬁ?rférﬂ?irﬁﬂ fifl t o it %ktri;@;hg&%@gfﬁ

greatest conponent pickup tine is adopted as the first tas up of
a conponEh€ £aMPRNENEstin asikinss taskt arw tihoard heahdaddin cés ratiartedn

time. [O : rdi Y. ounting waiting time after the conpletion
of the cgﬁnglé'r@gﬁgptﬁléag% qqﬁpﬁg&?ﬁhm ask until the start of conponent 20
mounts ng[ 882 7jeAcedrgied to tHIe ¢oNfiguFaeio . E@mpPohent i jrLion
efficiency for the bo_gfgd further. [ggSO] OFurth?r%%?tirBt%ﬁ\sﬁ%ZPsngr Egl bl e

that in 2@ dtntask nsudesermineghsenthatuamipeg dreagition phof diney finsd
t (| ng: ' ts the plurality of t
onton bitis sEaftet Bhrof o GRAPGIE T B LS SBriRoners Mo ditem of
repeat edT hasj eshe ofnopatiald oheadoreasedpefati Cilha fdIPES Y ttMd Ao ard

nounting of .the, corn?_glr_lents performed by the nmounting head is defined as a
task, whedT¥ANGptt-at iTohs Iresdicestea togtdime setessaryd aragiountinig the t he

For Phe SoRITME aehd phentsr cbgi3d oPratuLt B P ¥t TieRey nec S mitment s
have nutimaprgvedfferent conponent transportation acceleration limts for
t he nount j e I s identified -10 in the operation |oss identifying
st ep, am@gﬁis?ﬂﬁts%mﬁe its Isseplst e@OiSAiblGe Pratetbengcompenient
?rglt ﬁgg' gfﬁo‘ririorﬁcﬁ??tncgf‘déreh%%?ﬂ]in%ﬁ:?&ﬁ%ﬁ'erﬂﬂoﬁr ARRAY S N FuBeSMILRE RNt I N
determining step of determining task order so that a task having the
15 greatest component pickup time is adopted as the first task and
pickup of a component in the first task is started within the board
carrying-in time.
[0029] Accordingly, the mounting waiting time after the completion
of the component pickup in the first task until the start of component
20 mounting can be reduced to the minimum or zero. This improves
production efficiency for the board further.
- [0030] Furthermore, it is also possible that in a component mounter
in which a mounting head for holding and transporting a plurality of
components mounts the plurality of components onto a board, and a
25 - component group to be mounted in one iteration of a repeated series
of operations composed of pickup, transportation and mounting of
the components performed by the mounting head is defined as a
task, when an operation loss caused by a presence of a task in which
the components have mutually different component transportation
30 speed limits for the mounting head or by a presence of a task in
which the components have mutually different component

transportation acceleration limits for the mounting head is identified
-10 - :




a plurality of conponents onto a board by using a holding unit that 5 holds
and transports the plurality of conponents, and the conponent nounting

met hod includes: a speed identifying step of identifying a transportation
speed limt for a holding unit corresponding to each of the plurality of
conponents; a determ nation step of determ ning, based on the
transportation 10 speed Iin1ts a handling order for the plurality of

co onen t he I d| um sq.t hat t| me duration that a conponent
ha\r/TPng a Io%? 0'??5?: B@rt @%’b‘ég‘fi’qg M @praﬁDHJjoFﬁésm%r%ﬁw‘%}d%’fe is
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even in the case where the hol di unit is noved at” a speed not exceedi ng
t he | oweSPMPAREPSr FHRY %Hngpa@ethmd nincledeshe sparmhddentifyingstahef

hol di t t handl t he hol di
anit 10 SN B'CRPa kB0 ipRn o SBPRET DT forea & n ORI aHhnat i on
step, theotiesp@ddihyg atieon ddwt aofcormene@quml\rwg@flewmbeh%m%tataon

is., held by the holding unit is reduced, so that the

d |
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corrpone ts are r&r%vented from devi ating or departing fromthe hold
uni t, sligHh gengassutheepiurality Muﬁ@é’&@h@ﬁ&h@s boar d.

Lnglz]ng orr&fhe|5 o?ﬁFhleHOl:dﬁpgli y o?gegér&elé{r:lg I| hﬁeﬂﬁéﬁhw &9&3 (s)}ep, :
' mounting the plurallty of components onto the board by handling

15 the plurality of components with the holding unit in accordance with
the handling order determined in the determination step, and
moving the holding unit at a speed not exceeding the lowest
transportation speed limit of the components held by the holding
unit.

20 [0031] Accordingly, even in the case where the holding unit is
moved at a speed not exceeding the lowest transportation speed
limit of the components held by the holding unit, when the plurality
of components are handled by the holding unit in accordance with
the handling order determined in the determination step, the time

25 duration that a component having a low transportation speed limit is
held by the holding unit is reduced, so that the transportation speed
~of the head can be increased. This reduces the time necessary for
component mounting, and hence improves throughput. Further,
since the holding unit is moved at a speed not exceeding the lowest

80 transportation speed limit of the components held by the holding
unit, the components are prevented from deviating or departing

from the holding unit, so that the components can be accurately
-11-




unit is determ ned as the handling order so that conponents are 5 held
sequentially starting froma conponent having the highest transportation
speed limt identified in the speed identifying step, and in the nounting
.step, the holding unit is made to hold the plurality of conponents in
accordance with the handling order, and the held plurality of conponents
I's nounted onto the board. io [0033] For exanple, if the holding unit would

hold fir i.ng the | owest transportation speed limt, after
t hat , |n§%9§e§8t%28ﬂﬁ§ liPe‘lt?)ﬁ?éar'%corrponents the hol ding unit would need to
move at t[l@@BZ})\&QHtthterrﬂm@l@@rﬁ@tlsoﬂls@%ﬁﬁélb'ﬂétthédtnlﬁoﬂté"%E e S oh bed

above, when thﬁg[il urality of conponents are hol gunrt in 15
accor danSteRi th @'%ch"fi;{j’ fr b e deliuaatityeaf cnnnhendmtterlm taeitomidiagep,
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i m
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‘transportatio imt identified in the speed |dent|fy| ng st’ep, and
in thg r‘rﬁ)"I ‘?%'SB ‘é’@"ﬁ%@frﬁﬂrﬂlﬂ%‘%ﬁﬂ is snabadedoontd dhehboaptural ity of

| ted onto t
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hol di ng bavinguitiedloweast Urasetsp@rB@tlgwapee@Jt lifdie 'agtésh%hhﬁwﬁﬁtorder to

t ranspor speed |im ter the rmuntlng of the first
comogenégdﬁéhﬁEIWW@%@?t% & hdding ginioveudd nerd tonwamve at the

o o e TSRO hadq i i Gl icsaTogoEATREponen:
are mourWBen fihac pbutalie ofi tompenents are hold by the holding unit in
15 accordance with the holding order determined in the determination
step, the components are held sequentially starting at a component
having the highest transportation speed limit. Accordingly, after
holding the first component, the holding unit can rapidly move and
hold other components without restriction by the lowest

20 transportation speed limit. This improves throughput.

[0034] Furthermore, it is also possible that in the determination
- step, a mounting order for the plurality of components in the holding
unit is determined as the handling order so that components are

mounted sequentially starting from a component having the lowest
256 transportation speed limit identified in the speed identifying step,
and in the mounting step, the holding unit is made to hold the
plurality of components, and the held plurality of components are
mounted onto the board in accordance with the mounting order.
[0035] For example, if the holding unit would mount last a
30 component having the lowest transportation speed limit, even after

the mounting of the first component, the holding unit would need to

move at the lowest transportation speed limit until the last
-12-




nmounting order determned in the determ nation step, the conponents are
nmount ed sequentially starting at a conponent 5 having the | owest
transportation speed [imt. Accordingly, after nounting the first
conponent, the holding unit can rapidly nove and nount other conponents
W thout restriction by the |owest transportation speed [imt. This

| nproves throughput. [0036] Furthernore, it is also possible that in the
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information is prepared, the transportation speed limit of each

15 component cén be identified simply and rapidly.
[0038] Furthermore, it is also possible that in the speed specifying
step, a transportation speed limit for each component is specified by
referring to size information that indicates sizes of the plurality of
components, so that the transportation speed of the holding unit is

20 restricted to be lower for a component having a larger size.
Furthermore, it is also possible that in the speed specifying step, a

- transportation speed limit for each component is specified by

referring to thickness information that indicates thicknesses of the
plurality of components, so that the transportation speed of the

25 holding unit is restricted to be lower for a component having greater
thickness.
[0039] Accordingly, even when information that directly indicates
the transportation speed limit for each component is not present,
the transportation speed limit for each component is specified based

30 on the size information or the thickness information. Thus, it is
possible to expand the applicability of the present invention and

improve convenience.
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referring to weight information that indicates weights of the plurality of
conponents, so that the transportation speed of the 5 holding unit is
restricted to be | ower for a conponent having greater weight. [0041]
Accordingly, even when information that directly indicates the
transportation speed Iimt for each conponent is not present, the
transportation speed limt for each conponent is specified based io on the
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ptung B’oard, and a component group to be mounted in one iteration of a

repeated series of operations composed of pickup, transportation
and mounting of the components performed by the mounting head is
defined as a task, when an operation loss caused by a presence of a
task in which the components have mutually different component
20  transportation speed limits for the mounting head or by a presence

of a task in which the components have mutually different
component transportation acceleration limits for the mounting head
Is identified in the operation loss identifying step, a processing
procedure is selected in the processing procedure selecting step, the
25  selected processing procedure is a component mounting method of
mounting a plurality of components onto a board by using a holding
unit that holds and transports the plurality of components, and the
component mounting method includes: an acceleration identifying
step of identifying a transportation acceleration limit for the holding
30 unit, corresponding to each of the plurality of components; a
determination step of determining a handling order for the plurality

- of components in the holding unit based on the transportation
: -14 -




conponents, is held by the holding unit is reduced; and a nounting step of
mounting the plurality of conponents onto the board by 5 handling the
plurality of conmponents with the holding unit in accordance with the
handl ing order determ ned in the determ nation step, and noving the
hol ding unit with an accel eration not exceeding the |owest transportation

acceleration imt of the conponents held by the holding unit. io [0043]
unit is noved wth an

Accor di ngl 1 in.the cas ere the holdin s
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al so possi bl,e that when an operation |oss caused by an interference, which
is a coltpygq'%thﬁ’i@b%#%'énponents or between a conponent and a nounting
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accordance with the handling order determined in the determination
15 step, the time duration that a component having a low
transportation acceleration limit is held by the holding unit is
reduced, so that the transportation acceleration of the head can be
" increased., This reduces the time necessary for component
mounting, and hence improves throughput. Further, since the
20 holding unit is moved with an acceleration not exceeding the lowest
transportation acceleration limit of the components held by the
" holding unit, the components are prevented from deviating or
departing from the holding unit, so that the components can
accurately be mounted onto the board.
25 [0044] Furthermore, it is aiso possibie that when an operation loss
caused by an interference, which is a collision between components
or between a component and a mounting head that can occur when
a component mounter provided with a mounting head mounts a
component on a board, is identified in the operation loss identifying
30 step, a processing procedure is selected in the processing procedure
selecting step, the selected processing procedure is a component

mounting order determination method of determining mounting
-15-




and transports a plurality of conponents so as to nmount the plurality of
conponents onto the board, and the conponent nounting order 5 determ nation
met hod i ncludes: a nmounting order determning step of determning a
mounting order onto the board based on a restriction condition concerning
a before-after relation in the nounting order for the conponents; and a
task order determning step of dividing all conponents into tasks in a
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bei ng | /i ) 1BENERRE BEPEFE 4 KOTRROMNREIL asapentdthe nsopodad) inverree

speci fi Gablysiohn ofh ' A t Wal® t e
componert ot aobs s [EPERLEd pefel BF . SPRrHHNG Dnpbset Biopiéib,
transportation and mounting of the components performed by the

15 mounting head is defined as a task. In other words, the mounting
order for the components onto the board is determined first, and

tasks and task order are determined next.

[0045] Accordingly, in the mounting order determining step, the
mounting order can be determined so that interference, which is

20  collision between components or between a component and the
mounting head that could occur when the components are rhounted
onto the board does not occur. Thus it is possible to avoid, for
example, interference caused by arch motion operation of the
mounting head.

26 [0046] Furthermore, it is preferable that in the mounting order
determining step, for each component, it is judged whether another
'component or a part of another component mounted on the board is

- present within a range of a moving space of the mounting head in
the case where the mounting head mounts the component onto the

30 board by arch motion operation, and when it is judged as being

present, the mounting order is determined so that the component

being judged is mounted before the another component.
-16 -




order by repeating a process in which, based on the judgnent result, a
group of conponents to be nounted first is specified as a first 5 conponent
group, and a group of conponents to be nounted next anobng the conponents
excluding the first conponent group is specified as a second conponent
group. Accordingly, as long as the conponents are nounted in accordance
with the sequence of the conponent groups, interference caused by arch

ti ' ' ' i ded. 048] Here, it i ferable that in th
mount | g 9030 B sbReRiC BFein B Reuibartrsh detaninias stomss
th -di et of g 0?“:%3 f f%q_:rtp t he
bo;(rag ilsm@:jnerat gd?%?dpcgﬁ%?gl% of cgsrr%gn%%{]{efg e m%%@gq?'foﬁ’g?ﬁﬁg 15
speci fi e@rg@'ab\f I eBeatisiharamcassoipwhieht e sahenathes judbneentiresost, onal
map, based he ] |t Accordingly, .the nounting order can be
deltoer i ?\gdggguphg)tfjd{:tgﬁ] on %’E?if)r Egd;%%HB:Eﬁgeﬁrﬁii '?h%o‘?g&rbé%?asbél ﬁzﬂ'séar ried
i nt 0 & hecoomponenit gmm%,erancaraegh@&;wﬁ HMmpRMEEr 6 198 -m &R e Rlext

sk o

Further, _in the ta rder determning steﬁ, it is preferable that the
t asks anfMABIMS0Rt iSRG BPAEN oAb dingkshar éirgbt epmmedentogreagh is

bechuse TRECHH R #SBATY EBmBRrRR Uil e ARG G ndi & ki ng

step i s campaneads &% Abentad viel yccdhta mRynkitho theadefe May & MiReckup
nozzl es that conponents. Then, in the task order determ ning step,

ick u
conponen?oﬁ}%'%”élﬁ%% ipredf e en ¢ Gantse th byoapdhenotipmooperathen is
comp@nenisoffd@nged in accordance with the nounting order determned in
the nmounting order deternmining step and the 30 sequence of these conponent

- groups n§048] déeee nitnisdp esfdrad | e tidrktsi natide trhe UG idYd e etefRHinihG
t asks, r%sq%gctlvetl ¥ Also in.  this method, tasks and task order can Sinply
be det erfhiéhed @n threg7dinansiopad tha@pmothat ngheveer theeer dimendianahe

mounti ng@§RfEns AN ETSRAHEY St ERe! EoMMbBhBhREdnounted on the board is
generated, and a group of components to be mounted first is

15 specified as a first component group, in the generated

three-dimensional map, based on the judgment result. Accordingly,
the mounting order can be determined so that components already
mounted at the time of being carried into the component mounter
are taken into consideration.

20 [0049] Further, in the task order determining step, it is preferable
| that the tasks and the mounting order for the tasks are determined
~for each component group determined in the mounting order

determining step. This is because the mounting order determined
in the mounting order determining step is maintained.

25 Alternatively, the mounting head may have n pickup nozzles that

pick up components. Then, in the task order determining step,
component groups obtained by dividing into n-component groups
the components arranged in accordance with the mounting order
determined in the mounting order determining step and the
30 ~sequence of these component groups may be determined as the
" tasks and the mounting order for the tasks, respectively. Also in

this method, tasks and task order can simply be determined in a
-17 -




[ 0050] Further, the conponent nounting order determ nation nethod may
further include a pickup order determning step of 5 determ ning a pickup
order when the nmounting head picks up the conmponents, for each task
determned in the task order determining step. For exanple, the nounting
head may have n pickup nozzles that pick up conponents. Then, in the task
order determning step, a group of n conponents at maxi num obt ai ned by

t ti ' . b di tg th f
comonent 2t o i ARTEL ol Bstles: CREAFFURCHagn i @eTSAWED. B6d8T ask.

Furt her, dietekimgnpiglete porglenaaizghsyni ng step, as for conponents arranged
successi vel é@i n the sequence of conponents anong the conponents naking up

the task|O0PRE1pifkilhesr dehensomeoreniet Brownticigsootdat tdegemmimatign head
picks th [ Y, ternatiyvely, in the task aqrder  determ ning
step, a gﬁ%ﬁf)b%fm#\} ?@ﬁgﬁétn%dﬁlpen&ia@ﬁku@gt% dc%re&'?'rndegi $4€RoRponent s
froms t hdeserméniveg of pioRpenertieravhatoeHel dBBtIFRIMRIEN i @nhgrth%o t
number —ar e 0

sequentially, starting with conponents of which a [Targer
be mount €AMHRRBEPRS KYaraChdip Sedgbeeminaddnakhe taskiorderedeterminheg pi ckup

der d i nj he i ' hat th
mount i ng e oLt ik T FSHERRLRE bl By F5VE ARty Hnoidne
conponenttsatopiaiuphcamipogentswuntiéren dineth @ thsk Bud edebakmih ey Reapd. 25

[0051] Further, in the nmounting order determning step, in the Case "where
t he mourf IHEWHOS R HOTPRANE Nk BldEstim ee ebtensednay extractimg dachwi ch a

e 0 erRIRAEnt bE Y et Cedrdinghan, FRETREEeDs oo creineeBkong
conponerarrafige Bonttiree eoth pems rin gl o IRtEL iMayi e de ErmPRedi 36 4 sk,
above- tioned.interference in the point that a restriction is present in
t he rrogﬁ?qﬁg]e& dBr I?%rkaﬁ@JQd?Fﬁﬁfeﬁteierﬂle%Ugtﬁﬁeprlﬁ pOEsEMAGIvVents on i s
gﬁpl):og??etlﬁ‘ﬁggt%@n;%éc@s%i(iéﬁﬁ-in[ PRE%ebBikfice BraddhipShehts' IS 1 on as
components making up the task, the pickup order may be
15 determined so that the mounting head picks them up simultaneously.
Alternatively, in the task order determining step, a group of n
~components at maximum obtained by extracting components from
the sequence of components arranged in the component mounter
sequentially, starting with components of which a larger number are
20 to be mounted onto the board may be determined as a task. Then,
in the pickup order determining step, the pickup order may be
‘determined so that the mounting head picks up the components
sequentially starting with the components of which a larger number
are to be mounted onto the board.
25 [0051] Further, in the mounting order determining step, in the case
where the mounting onto the board includes three-dimensional
mounting in which a second component is mounted onto a first
component, the mounting order may be determined so that the first
component is mounted before the second component. The
30 three-dimensional mounting is in common with the
above-mentioned interference in the point that a restriction is

present in the mounting order for the components. Thus, the
- 18- -




reduci ng net hod provided with such characteristic steps, the present

I nvention may be inplenented as an operating tinme 5 reduci ng appar at us
havi ng neans nade up of the characteristic steps included in the operating
time reducing method or alternatively as a programthat causes a conputer
to execute the characteristic steps included in the operating tine

reduci ng nethod. Then, it goes w thout saying that such program nmay be
distributed io via a recordin _ma%i%um such as a CD- ROM ( Conpact Di sc-Read
Only  MedSETF AR VE HdRMIS @B?’il'éﬁ RtNSOKLQ (BhS £9%he Internet. Effects of

t he | nvempi M5 o FRGRt & L [ I.on, o L.ng
procedurgbo%o__jof a do%oﬁgﬁ%ﬁﬁguﬁ%ilmp%{@?ﬁégﬁﬁﬁlﬁ@&bgﬁ?ﬁég ?gﬁebe
changed #egusingg roethbd typevidiedanwoiter suichn ¢lossadteatisidef @ltéf)st, hehet i e

f ] he board., [0054] ,Further, optim t
mount - ng PoPYER R AR VBE Rt BRaY ne W DRIGME WAkt Pealor | RBETaBIS | Bhe
Descrj pt reduein®” appReatl0Ralify Omdahs Mgt BpNYr ﬂ?@e%s%&égfﬂiggcan

showing a configuration of a conponent nounting system accordin
embodi nefteps tinelydesenini nirent iaperatbngl Gindei sredfioing | analthbidoclor

e 5 MR PR aBlaCnat bl e Bprab skl St dfhine
reauct nchppacasticRBping Lo IPEREI o et AGhAMI MO PeR9 PAS TR, . |

relation_ 30 between a_conponent supply t and a rotar
an ext er hBEMapbgeanovithicaiy sayng dbletaswcind migEm may iEodésitribapedt hat

“posi T ondl? ParorinSER T Syt s b ROME R TaRa B HotpBram Oaliory

unit. FlMenfory) amd agcamhoMicaicn meEaiBlR Qlick &OMReNtiternet.

Effects of the Invention

[0053] According to the present invention, the processing procedure
15 of a component mounting order determination method can be

changed depending on the type of an operation loss that affects the

time for mounting components onto the board.

[0054] Further, optimal component mounting order can be

determined within a practical time.

20
Brief Description of Drawings
[0055] FIG. 1 is an external appearance view showing a
configuration of a component mounting system according to an
embodiment of the present invention.

25 FIG. 2 is a functional block diagram showing a configuration of

~an operating time reducing apparatus.
FIG. 3 is a flow chart of processing executed by an operating
time reducing apparatus.
_ FIG. 4 is a schematic diagram showing positional relation
- 30 between a component supply unit and a rotary head.
FIG. 5 is an external appearance view of a reel around which

a component tape that holds components is wound.
. -19 -




recognition canera provided at position Cin FIG 6. 5 FIG 8 is a flow
chart showi ng operation of a nounting head in the case where attention is
focused on one of nmounting heads provided in a rotary head. FIG 9 is a

di agram descri bi ng vari ous nodes of a conponent supply unit. 10 FIG 10 is
a di agram showi ng an exanple of a nounting point information array. FIG
11 is a diagram show ng positional relation among the nounting points,

board marks an pi nt_ on board. FI 12 is a diagram show ng an
exanpl e of a cgkée%smn% gﬁ@'iae{ﬁl% t"?LQ”VSS%OWI'BQ/ Rpgitione! pebrideni ng
execut edaRyoRgCoHRRABRPthe FBURL bB%rGrQﬁEI e SPIN &9t 3Ry tHﬁ; FIG 14 is a

di agram schemat I cal |y’ showi hg nounting order ‘for conp e ts 0 FIG 15 is
a di agram showrHg- ah léxémf-llégdjﬁﬂh showingblan e)l?’:ll@pl&Gofsaacdnaigoaent

i agr am 2 @ﬁﬁ“@ﬁ%ﬁ’%&ﬁ Vit atngostaeh i Flmfbnents 25 Fia 1819
a di agr am showrg. an%&m%lﬁrt%ﬁwmg%éﬁlﬁ‘én il @ﬂoﬁntﬁ@hé@d li§ a

flow chart show ng detail ed processing of is a
di agr am SHOWEAE aWhiRi® iatgepsiaon isr rf@ﬁupeldefcm eOHEOOﬁnmcaﬂmBmg:dm@adent

bt or e S oiEed TG B8R BN et i ng or der s changed. -20 FIG. 2215 a
di agr am showi eI, erewsﬂaggaﬁe@dstcr%lr@b&%triws rAbd®s JeheEFhIFOheRt
pr ocessi ng performed by a conmponent nounting order determ ning apparatus.
supply unit.
10 FIG. 10 is a diagram showing an example of a mounting point
information array.
FIG. 11 is a diagram showing positional relation among the
mounting points, board marks and a dummy point on a board.
FIG. 12 is a diagram showing an example of a conversion
15 table.
FIG. 13 is a flow chart of processing executed by a component
mounting order determining apparatus.
FIG. 14 is a diagram schematically showing mounting order
for components.
20 FIG. 15 is a diagram showing an example of a tact table.
FIG. 16 is a diagram describing a generatmg method for an
~initial traveling path.

FIG. 17 is a diagram schematically showing mounting order

for components.
25 FIG. 18 is a diagram showing an exaMple of a mounting point
array p.
FIG. 19 is a flow chart showing detailed processing of a 2-OPT
method.
FIG. 20 is a diagram showing a mounting point array p before
30 and after component mounting order is changed.
FIG. 21 is a diagram showing a traveling path before and after

component mounting order is changed.
~-20 -




FIG 23 is a diagramshowi ng relation anong a nounting 5 order array p and
a nounting point information array "Data" which are shown in FIG 22(a)
and mounting order. FIG 24 is a diagram describing another generating
method for a nmounting point information array "Data”. FIG 25 is a diagram
schematically showi ng an exanple of a io traveling path. FIG 26 is a

tabl e showi ng experinental results of a conventional nethod and a net hod

di to t lLication. FIG 27 is. an external appearance
Ve shoai g of CanaonEne IRRNAST XA ARG A BroLessHIS (G UL B BRBET Mant of
the presendieri rdetdimmatibe PPokesaingNchemtmeHOCKydi 80 aghshontR

a
configuration of a conponent nounting order determ ning apparatus. gl G 29
is an exfErwRfing pedes /el sk WP ratusxenpl ary 20 configuration of a

conmponent nou ref erred {. ' commonent. inserter. FI 30 is a
di agr am concegflﬁtgl Iz;?’ s'f?m%i %QQ?MOéﬁgk@hgi GhIE PBn 8RO 9 SrfBREM MBunt er .
FI G 531 oeder @raayvp %/m@faaowwgn@ir@]pﬁﬂinftqiﬂlffbﬁ#fa?cﬁd%ﬁraﬂfaya“D%'iaeo\m%‘? nt

nmount er according to_the ?gzr]esent invention. FIG 32 is a schematic diagram
showi ng PO3iSHIOME! Ny Elat i o2 barbSROH NG caidera conponent cassette. FIG

33 | t e Vi , . 34 | di howi
o examl 6 of ' Boarnte & fiEpkafl oA iBRRY Anbtiie HendrdtiBoatiade nt 1
FI G 36 fior a micagitingspointninfarnextion] a@redy & petgt,i ng point  information

array. -21 FlI (13 37_1s a diagramdescribing a calculation nmethod for an
"x' - coor di nat d'1Gind2als ¢ dadrinnachemadicaliygshewingl aw exampls of a

- Pr.oggssitgvexeffhedndy a second
FIG. 26 is a table showing experimental results of a
conventional method and a method according to the present
application.
FIG. 27 is an external appearance view showing a component
15 mounting system according to an embodiment of the present
invention.
FIG. 28 is a functional block diagram showing a configuration
of a component mounting order determining apparatus.
FIG. 29 is an external appearance view showing an exemplary
20 configuration of a component mounter referred to as a radial
component inserter.
' FIG. 30 is a diagram conceptually showing a major
configuration of a component mounter.
FIG. 31 is a plan view showing a major configuration of a
25 component mounter according to the present invention.
' FIG. 32 is a schematic diagram showing positional relation
between a head and a component cassette.
FIG. 33 is an external appearance view of a head.
FIG. 34 is a diagram showing an example of a board.
30 FIG. 35 is a diagram describing a dummy point.
FIG. 36 is a diagram showing an example of a mounting point

-information array.
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conponent nounting order determning unit. 5 FIG 39 is a flow chart of
processi ng executed by a second conponent nounting order determ ning unit.
FIG 40 is a diagram describing a pickup pattern in a priority-to-pickup
manner. FIG 41 is a diagramdescribing a pickup patternina io
priority-to-nmounting manner. FIG 42 is a perspective view of a rotary
head. FIG 43 is a perspective view of a rotary head. FIG 44 is a

schemati c di ag i, t.he case where a conponent nmounter provided with a
rotary head sh%ﬁ#‘ i# rPE '?W@m1‘%‘3%@%8@6}1@'53%3%{@&@?@@@ fog @8 a

di agr am teSeoiobdnga e PGl R pﬁt_tcgmdiiﬁa@en_pri ority-to-pi ckup manner. FIG
46 is a diagram describing a pickup pattern in a priority-to-nounting
manner. 20 FI d1@7 38 ia plflewicharshofviprg cessingr exentitgdr BYi arsefonasi de

f - 48 | henat i I agram show n osi tional
(r)el gtfggPBEﬁ&mggﬁyghﬁ{%ﬁégn r ?%@@Seﬁﬁyﬁqﬁﬂhﬁa' I g?rpone?\t \(I:Masgeltotzl. ;:I G 49
i's axliagram deNGy 39 ng amman%hfarwfdr%es%%ge&@w? d oYy 3y enangrt by &

mounter. FIG 50 is a diagramdescribing conponént nounting” per
conponentCHRMR@NT Mmpantingierderdegeamishogi mgitan exanpl e of mounting

Mbrary. Fra 188118 8 adh AN et R & v PAGE T amappar at us
i nf or mat paority-to- pieliug mdnha@ram showi ng an exanpl e of
nunber - of - nount_i ng- poi nts i nformation.
FIG. 4?1 is a diagram describing a pickup pattern in a
10 - -priority-to-mounting manner.
' FIG. 42 is a perspective view of a rotary head.
FIG. 43 is a perspective view of a rotary head.
FIG. 44 is a schematic diagram in the case where a
component mounter provided with a rotary head shown in FIG. 42 is
15 viewed from the above.
FIG. 45 is a diagram describing a pickup pattern in a
priority-to-pickup manner. '
FIG. 46 is a diagram describing a pickup pattern in a
priority-to-mounting manner.
20 F1G. 47 is a plan view showing a major configuration of inside
of a component mounter.
- FIG. 48 is a schematic diagram showing positional relation
between a line gang pickup head and a component cassette.
FIG. 49 is a diagram describing component mounting
25  performed by a component mounter.
FIG. 50 is a diagram describing component mounting
performed by a co/njponent mounter.
FIG. 51 is a diagram showing an example of mounting point
data.
30 FIG. 52 is a diagram showing an example of a component
library.

FIG. 53 is a diagram showing an example of mounting
-22- . :




FIG 55 is a flow chart of processing of determning 5 conponent nounting
order perforned by an optim zation apparatus. FIG 56 is a detailed flow
chart of conponent allocation processing. FIG 57 is a diagram descri bing
conponent allocation io0 processing. FIG 58 is a diagram descri bing
conponent allocation processing. FIG 59 is a detailed flow chart of task
determ'nation processing. 15 FIG 60 is a diagram describing details of

t ask generatiog prgcessi ng for a front head. FIG 61 is a diagram
descri biHPAETEHT 4N ‘?rmé—’gkﬂbener ation processing for a rear head. FIG 62

is a diagramipr@hi chgt hgsnunder Rigrhas at isPRivHg  2@nP! cgygni,@eeacg t ask
is arranged in task order. FIG 63 I's a top Vi ewgof a conponen m)untfer
provi dedymberr ofr Bleuptinga@oirtSinéarinatioper specti ve view of a rotary

head. FIG 654 . i i f th t head., 25 FLG 66 i
f_Iegw chart des#clﬁ'gi ﬁér zfgtegé: EF%‘%/’I te&irtdgg r rﬂ?hgégéﬁﬁaprﬁieggg‘?ﬁ”i'ﬂ'%g r olt Zr?
heads Flcom@briend dinkalmihghowraeran R4Faphfe@’ bosk oy gﬁfgtiﬁﬂtz%it in

accordance with task determnation processing shown in 66. 30 FIG 68
is a di APRABNEN ng an exanpl e of unpreferable task order. FIG 69 is an

mounting || ne agbortt ny o St fiadh chart: nE S RuEa S huaHERakoT 6 70
is a bl griocdisagngm showi ng an exenpl ary
FIG. 57 is a diagram describing component allocation
10 - processing.
FIG. 58 is a diagram describing component allocation
processing.
FIG. 59 is a detailed flow chart of task determination
processing.
15 FIG. 60 is a diagram describing details of task generation
processing for a front head.
| FIG. 61 is a diagram describing details of task generation
processing for a rear head. |
FIG. 62 is a diagram in which the number of iterations of
20 pickup in each task is arranged in task order.
FIG. 63 is a top view of a component mounter provided with a
rotary head. o _
FIG. 64 is a perspective view of a rotary head.
FIG. 65 is a perspective view of another rotary head.
25 FIG. 66 is a flow chart describing details of task determination
processing in a rotary head.
FIG. 67 is a diagram showing an example of task order
obtained in accordance with task determination processing shown in
FIG. 66.
30 - FIG. 68 is a diagram showing an example of unpreferable task
order,

FIG. 69 is an external appearance view showing a
S -23-




configuration of a nounting order determ ning apparatus according 5 to an
enbodi nent of the present invention. FIG 71 is a diagram schematically
showi ng conventional tine course of board transportati on and component
mounting. FIG 72 is a diagramdescribing a problemin a conventi onal
determ nati on nethod for conponent nounting order. 10 FIG 73 is a plan
view show ng a maj or configuration of inside of a conponent nounter. FIG
74 is a schemmtic.di agram showi ng posjtional relation between a nounting
head andcgnf' @rclfé‘?l[i‘ C&Lﬂﬂbﬁ)’ﬂt{ﬁﬁ F?O‘I*P@”(J?Enﬁsa(éc%ﬁ@@ga?ﬁ FRoRMHP dlmexdnl e

of task prirhe ppet@hPIiABENRLNFI G 76 is a block diagram showi ng a
configuration of a fourth conponent nounting order determ ning unit 308d.

FIG 77 is a fFlw chilt isf prodéeskngdiEfgrianer showigg c@amponentmpiunyi ng

order pe : 0, nent,. mount i n Q0 or.der determ ni ng appar at us.
o 76 roREEEaLe ST BAPER B8 Y A4 astentiiElin 9P pata tuomcoraing
det ersmi nigh izon ephbeesgiartt Bethe pREsBytanvRIMAHENt supply position
determining unit. FIG 79 is a diagram schematically show ng conponent

supply 25 positGordd iged hiaprem sehesoatitalbeshoning ¢doveottibonaktione in
FIG 78..F O] i | hart of t der, det I nat i

pr ocessi%%U%%l&gzbéarglt%shg%&ga '(9?51[\,\/@3] goﬁPQQ%%grﬁﬁ}l%'aﬂgrﬁm 23 | Sgi t.
30 FIG 81 is RIGH @@ pnzs eh@gpd it aldst risiow %gprBFeﬁP}ﬁ%?c%fnvé}?ﬁggral

transportation and conponent nounting in accordance with task or
det er ni rie@tgmninetiease g far seamp e nyimguinting eder. 24 is greater than

G082 1o o 15 o ScheRali iR sFam o maier chmialantion of Inside -
of a component mounter.

FIG. 74 is a schematic diagram showing positional relation
between a mounting head and a component supply unit.

FIG. 75 is a diagram showing an example of task time

15 information.

FIG. 76 is a block diagram showing a configuration of a fourth
component mounting order determining unit 308d.

FIG. 77 is a flow chart of processing of determining
component mounting order performed by a component mounting

20 order determining apparatus.
FIG. 78 is a detailed flow chart of component supply position
~determination processing performed by a component supply
position determining unit.

FIG. 79 is a diagram schematically showing component supply

256 positions determined in accordance with a flow chart shown in FIG.
- 78.

FIG. 80 is a detailed flow chart of task order determination
processing (S4002 in FIG. 77) executed by a task order determining
unit.

30 FIG. 81 is a diagram schematically showing time course of
board transportation and component mounting in accordance with

task order determined in the case where a board carrying-in time T
-24 - '




board transportation and conponent nounting in accordance with 5 task
order determned in the case where a board carrying-in time T is smaller
than or equal to the nmaxi mum of conponent pickup time values ti (NOin
S4023 in FIG 80). FIG 83 is an external appearance view show ng a _
configuration of a conponent nounting systemaccording to an 1o enbodi nent
of the present invention. FIG 84 is a block diagram show ng a

fi tion qf a,  conponent nounting order deternining apparatus shown in
FIG 83l {igates Thal the mmdimuRbRTnGOm hRpent camkiltmcyadues tils

conponenyy 40FhGn i sgp schenatic di agram show ng positional
reIm;t i ont Eg,'ltjvn\jég % head&gﬁd %?corrponent cassette in the above-nenti oned

component nountEp, §2ads 87diiagaa1n’e>aoé1rermhtmmharsa‘1m§ii!¥gelsgfrrwqmm:‘ngs;e%er{lﬁl

20 f { | ectroni c_conponents).to be npunted . by e

abosg-pregh{si%gﬁzg%%% : egﬂ;%lﬁﬁegpnm@egg OUDtN GRS dangeanv igRanpl e

of a ronpesienirddr BeseymiREE i thBecAROYEH BN BBGTCE LidRHpeer- FIG
c er an

89 is an explanation diagram describing pickup or 23 noun _i ng order
for the Wbsialkenthamear @mpahtatthe maxiraom sofanoaxpdasat imickdipatina

fro o TEGeS SROIR SA00 30 e BB bl ng a si tuation that” the o
above- nent i onefl(head@ 30UBt sapoNBRREPRS! HbpesFafde | Sy i asﬂﬁ@ﬁ‘irﬁgo"‘é ng a

transportation speed of the above-mentioned head. FIG 93 is a ffow chart
showi ng epRFigLiratiamaef theCommanent- mithtingd sywteoneatcoodingrtoramt s

confguraiosdimpelt oft R e AR BRE e accarding to an o
FIG. 84 is a block diagram showing a configuration of a
component mounting order determining apparatus shown in FIG.
83.
FIG. 85 is a plan view showing a major configuration of a
15 component mounter,

FIG. 86 is a schematic diagram showing positional relation
between a head and a component cassette in the above-mentioned
component mounter.

FIG. 87 is an external appearance view showing external

20 appearances of components (electronic components) to be mounted
by the above—mentioned'component mounter.
| FIG. 88 is a diagram showing an example of a component
library held in the above-mentioned component mounter.

FIG. 89 is an explanation diagram describing pickup order and

25 mounting order for the above-mentioned components.

FIG. 90 is an explanation diagram describing a situation that
the above-mentioned head picks up components.

FIG. 91 is an explanation diagram describing a situation that
the above-mentioned head mounts components.

30 FIG. 92 is a diagram showing a transportation speed of the
above-mentioned head.

FIG. 93 is a flow chart showing operation that the
-25-




enbodi nent of the present invention. 5 FIG 95 is a diagram descri bing
extrenely close adjacency nounting. FIG 96 is a diagram describing arch
notion operation and ordinary operation (non-arch notion operation). FIG
97 is a diagramdescribing interference caused by arch 1o notion
operation. FIG 98 is a diagramshow ng an internal structure of a
conponent nmounter. FIG 99 is a diagramdescribing a task. FIG 100 is a

bl ock di am show.ng a, configuration of a sixth 15 conponent nountin
or der deqalg‘ﬁ F | V\%ﬂﬁte.d EPEEP%?n}tsm&WW HP\%‘I‘N%WHE’%@JBWSC oper atign of

a conmponent At ey i&lin dPEerrnalaah! Gy, ] i dure
(S6110) of determ ning nounting orggrp@}%n Fl Cg \qgwsg%vgﬁg Ellrggj\%%zj? _
di agr am@HYG HE2 Eie Nex@imsl €N p@namt evodimidngi syattemapacddi@ini04o am

di agram ] f interf.erence area. FIG 105 is a diagram
descri bieﬁg%\égrdc]g%gﬁlt nﬁgi mégjé%éreﬁ}nimvgeﬁagngroups. FIG 106 is a flow chart
-showsng det ai IF¢G.pOGCeslus ediaSfrad) desbritaher BiiidmdIgskipand dRdemifer in

FIG 101. FIG 107 is a diagram describing processing of determnin t asks
and mourfPYgtiGer for the tasks. 30 FIG 108 is a conponent histogram

components. - Ere- 25ed HpBERAE e bl Ta e TR FBeCaPE pash1s)
-26 of detiénatyioywemtibnp(modeardh mbGod®petiontl0 is a diagram
describing an%tlge.r95reitshgddggradrﬁtdecre:rsncpilb?ggt %Stzsrfgpgnct:gsckauosrgderb h
y arc
10 - ~motion operation. |
FIG. 98 is a diagram showing an internal structure of a
component mounter.
FIG. 99 is a diagram describing a task.
FIG. 100 is a block diagram showing a configuration of a sixth
- 15 component mounting order determining unit.
FIG. 101 is a flow chart showing basic operation of a
component mounter.
FIG. 102 is a flow chart showing detailed procedure (S6110)
of determining mounting order in FIG. 101,
20 FIG. 103 is a diagram showing an example of a
three-dimensional map.

FIG. 104 is a diagram showing an example of an interference

area.
FIG. 105 is a diagram describing processing of determining
25 groups.
' FIG. 106 is a flow chart showing detailed procedure (S6111)
of determining tasks and task order in FIG. 101.
FIG. 107 is a diagram describing processing of determining
tasks and mounting order for the tasks.
30 FIG. 108 is a component histogram describing a
determination method for tasks and pickup order for components.

FIG. 109 is a flow chart showing detailed procedure (S61 1'3)
-26 -




FIG 111 is a conponent histogram describing another 5 nethod of

determ ni ng tasks and pickup order for conponents. FIG 112 is a diagram
describing three-dinensional nmounting. FIG 113 is a bl ock di agram show ng
a functional configuration of a component nmounter. 10 FIG 114 is a

di agram show ng an exanple of nmounting point data. FIG 115 is a diagram
showi ng an exanple of conponent data. FIG 116 is a diagram show ng an

exanpl e o unting order, 15 data, FI.G 117 is a flow chart show ng basic
oper at i Oﬂ%ﬁt&rr@ &an‘ﬁk'-hBLﬂftC@?r H Rlfe £0de of dynanically deternining

20 sur face of A Board 1s 't miged ae A p RAGRAE sl AR P
a flow cHatersfinprgdassisngndxeask extdmnr. an operating tine reducing

apparatus at t ti that a user selects, a, programfroman optinization
program st or i n'gﬁani {ﬁlFl S 5126‘%”9!35?%%%}%@96@?’@ CEIRING eaBPthescr een

25 disspl gyethed of des®HAYNIHY & 23id qRgr ' exanpl e of
a screen displayed on a %@pl giﬁgﬁ?r{bé é’ld@qgui%g @d?gmﬁmﬂgﬂg% ng an
exanpl e of a sktheen 1H2spisayesnl otiagrdirapl aesanilting30 thueerdimle REbaménces

[ 0056] 300 &ﬁ?‘%ﬂ ng tinme reducing apparatus -27 301 Arithnetic control
-unit 305 i ation nethod selection programstoring unit 305a Operation

loss identifyiFGUniti3 is a block diagram showing a functional
configuration of a component mounter.

100 FIG. 114 is a diagram showing an example of mounting point
data.

FIG. 115 is a diagram showing an example of component
data.

FIG. 116 is a diagram showing an example of mounting order
15 data.

FIG. 117 is a flow chart showing basic operation of a
component mounter at the time of dynamically determining
mounting order.

FIG. 118 is a diagram showing a situation that a mounting

20 surface of a board is imaged by a three-dimensional camera.

FIG. 119 is a flow chart of processing executed by an
operating time reducing apparatus at the time that a user selects a
program from an optimization program storing unit.

FIG. 120 is a diagram showing an example of a screen

25 displayed on a display unit.

FIG. 121 is a diagram showing an example of a screen
displayed on a display unit.

FIG. 122 is a diagram showing an example of a screen
displayed on a dispiay unit,

30 _
Numericai References

[0056] 300 Operating time reducing apparatus
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305b Processing procedure selecting unit 5 308 Optimzation program
storing unit 308a First component nounting order determ ning unit 308b
Second conponent mounting order determning unit 308c Third conponent
nmounting order determining unit 308d Fourth component nounting order
determining unit 10 308e Fifth conponent nmounting order determ ning unit
308f Si xth conponent nounting order determning unit 1010 Conponent

nount er 1011 one supply unit, 1015 Table 15 1020 Board 1100 Rotary
head 1101 Rofgba g&@i‘mf@&%ﬁﬁﬁﬁﬂ H§'head 1105a Lens barrel 20 1105b

[ [ i V4 ' A nent
Smal | vi ew fi eBQ 5 apimizdtRe rhatisdvé@wck| %nq%g;lﬂgrrﬁ sﬂztéﬁﬁ@gﬂ?% e 110

recognition canera 1106 Conponents 1107b Hal f . .
Cormponent t ape3 0581 © rymddaaniossaiskantityingluditddsor pti on opening 1113 Reel

1301 Ari t hhet SCSThEIaroante 1o tesl Hrelreihariet1508 fnput unit - 1304
Menory unit 308 Optimization program storing unit

308a First component mounting order determining unit
308b Second component mounting order determining unit
308¢ Third component mounting order determining unit
308d Fourth component mounting orderdeternﬂhing unit

10 ~---308e Fifth component mounting order determining unit
308f Sixth component mounting order determining unit
1010 Component mounter '
1011 Component supply unit
1015 Table

15 1020 Board
1100 Rotary head
1101 Rotary base
1103 Mounting head
1105a Lens barrel

20 1105b Small view-field camera

1105c Large view-field camera
1105 Component recognition camera
1106 Components
1107b Half mirror

25 1107a Mirror
1110 Component tape
1111 Component cassette
1112 Adsorption opening
1113 Reel

30 1114 Tape feeder
1300 Component mounting order determining apparatus

1301 Arithmetic control unit
' -28 -




1305 Conponent nounting order determ nation program 5 storing unit 1306
Comruni cation |I/F unit 1307 Database unit 1307a Munting point information
array 1307b Conversion table 10 1402, 1404 Board mark 1406 Dumry poi nt
3100, 3200 Conponent mounter 3110a, 3110b, 3120a, 3120b Sub-equi prent 3112
Li ne gang pi ckup head 15 3112a, 3112b, 3403 Pickup nozzle 3113 Beam 3114
Conmponent cassette 3115, 3115a to 3115d Conponent supply unit 3116

Conponent recogRi-ty camera .20 3117 Tray supply unit 3121 Rail 3300
Optim zati on agggja&kp? $VArithnetic control unit 3302 Di splay unit 25

3303 I nput uni1303304pMermrp unit 3305 Optim zation programstoring unit
3305¢c Mounting order optim zing unit 3306 Comrunication I/F unit 30 3307

Dat abase unit 3307AaM@Beryngnpoi nt data 3307b Conponent library -29 3307c
:\/g]‘ﬂgi Irrgtg| ﬁﬁpagﬁg%ﬁéﬁ{ﬁhhﬂgpﬁgﬁgtin35’ Ot bet > YR oh mEljrrlc()g ram
5 storing unit

1306 Communication I/F unit
1307 Database unit
1307a Mounting point information array
1307b Conversion table

R — 1402,1404—Boardrnark
1406 Dummy point
3100, 3200 Component mounter
3110a, 3110b, 3120a, 3120b Sub-equipment
3112 Line gang pickup head

15 3112a, 3112b, 3403 Pickup nozzle
3113 Beam
3114 Component cassette
3115, 3115a to 3115d Component supply unit
3116 Component recognition camera

20 3117 Tray supply unit
3121 Ralil
3300 Optimization apparatus
3301 Arithmetic contro! unit
3302 Display unit

25 3303 Input unit

' 3304 Memory unit

3305 Optimization program storing unit
3305¢ Mounting order optimizing unit
3306 Communication I/F unit

30 3307 Database unit
3307a Mounting point data

3307b Component library
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4100 Conponent nmounter 5 4110 Munting head 4113 XY robot 4114 Tape
feeder 4115 Conponent supply unit 4115a to 4115c Conponent supply unit 10
4116 Conponent tape 4116a, 4116b Conponent supply position 4117 Supply
reel 4118 Conponent supply position 4119 Nozzle station 15 4120a, 4120b
Board 4121 Rail 4123 Conponent collecting apparatus 4300 Conponent
nmounti ng order determ ning apparatus 4301 Arithnetic control unit 20 4302

Di splay unit | nput n| t 4304 uni t. 4305 Optim zation program
stoPi né uni t é?gg 'rilg P@elapfp@r'zggggc' Qﬂ'é?f?ﬁ'ﬁﬂng umégti?mdfg?ﬁg uOglrr{)ozggg
suppl osi ti oB3deter BI3W nlce

COﬁTF’)rU%I (F:)at ion I/F unit 4307 Dat base ur%lb/?qi’?dﬁ}g unt| ng point data 30

4307b ConponenB4libAdtsor4B0me apemingig apparatus information 4307d Task

b- ment 5112
Hegg i nfor ”a“8&003?:05%%%%%’?%‘8&&&9““ er 5110 Front sub-equip

5 4110 Mounting head
4113 XY robot
4114 Tape feeder
4115 Component supply unit
4115a to 4115¢c Component supply unit
10 4116 Component tape

4116a, 4116b Component supply position
4117 Supply reel
4118 Component supply position
4119 Nozzle station

15 4120a, 4120b Board
4121 Rail
4123 Component collecting apparatus
4300 Component mounting order determining apparatus
4301 Arithmetic control unit

20 4302 Display unit

' 4303 Input unit
- 4304 Memory unit

4305 Optimization program storing unit
4305a Task order foreword determining unit

25 4305b Component supply position determining unit

 4305¢ Mounting order optimizing unit

4306 Communication I/F unit
4307 Database unit
4307a Mounting point data

30 4307b Component library

| 4307c¢ Mounting apparatus information

4307d Task time information
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5112a Nozzle 5 5115a, 5115b Conponent supply unit 5120 Rear sub-equi pnent
5200 Conponent nounter 5300 Managenent apparatus 5307b Conponent |ibrary
10 6100 Component nounter 6110 Mounting head 6113 XY robot 6115 Conponent
housi ng unit 6115a Conponent cassette 15 6121 Transportation unit 6122
Board 6123 Three-di nensi onal canera 6200 Mechani smunit 6210 Mounting
control unit 20 6220 Input unit 6230 Qutput unit 6240 Storage unit 6241
Mount i ng poi nt s _data 25 6243 Mounting order data 6250

6242 Uni
Mount i ng or der ﬂ@@r(}ﬁ%ﬂfﬂ“%ﬂh“%é@@wbumi ng order determining unit 6252

Task order det giniiFtentnstb-6g0fMieriup order deternmining unit 30 6260
Comruni cation |I/F unit Best. Mde for Carrying Qut the Invention -31

[0057] A conpoRdrt2 ftadi ng system according to an enbodi nent of the

it
present inventi ' Ppﬁﬂri bed below with reference to the draw ngs.
[0058] FIG 1 ;Sgriaingex Mal appear ance view show ng a

5 5115a, 5115b Component supply unit
5120 Rear sub-equipment
5200 Component mounter
5300 Management apparatus
5307b Component library
=10 ----6100 Component mounter
6110 Mounting head
6113 XY robot
6115 Component housing unit
6115a Component cassette
15 6121 Transportation unit
6122 Board
6123 Three-dimensional camera
6200 Mechanism unit
6210 Mounting control unit
20 ~ 6220 Input unit
6230 Output unit
6240 Storage unit
6241 Mounting point data
6242 Units data
25 6243 Mounting order data
' 6250 Mounting order determining unit
6251 Mounting order determining unit
6252 Task order determining unit
6253 Pickup order determining unit
30 6260 Communication I/F unit

Best Mode for Carrying Out the Invention
-31- '




5 configuration of a conponent nmounting systemaccording to the present
enbodi nent. A conponent nounting system 10 is a systemin which a nounting
order for nounting conponents onto a board is determ ned and the
conponents are nmounted onto the board in 1o accordance with the determ ned
nounting order. The conponent nounting system 10 i ncludes a conponent
mounter 1010, a conponent nounter 3100, a conponent nounter 2100, a

conponeny OmEHE Ar ,q:ﬂjb " onponent unt er
6100, ang an oper%(?i g ?i@ﬂgqﬁggg@m\ %Egéggc%qgéﬁgo® g{ﬁogﬁa?ogﬁ‘@en%
conponenOfndimtieserditnvandi@n 1300es6i6ed HEIOwandithe tefk aiR-aRBatRbUSeSs

t hat rmu?jtrﬁ%aﬁggnents onto a board. Detailed configuration of each
comnmponen r is described later. 20 [0060] FIG 2 is a functional

bl ock di {00&BIShPIGNY B Gnfiguraks of I ng; ., e Lng
appar at us 30_0.] The operating tine L;ég(g]uacli n%aggggggt%%s gbéo‘hi ssétgg’iﬁr%ut%r t hat
reduces £RBTEPEEAIOMGOT iarec@ paTeeRbPensTiingoayseem mcamdingneo the

componen [ i t he conponent nmounters. The 25 operating tine
reduci ngbgg%gﬁgté&gb?%§%Y'udes an arithnmetic control unit 301, a display

unit 302, an impo@mmbheﬁ%mcﬂjﬁﬁ'ﬁ@’%gﬂ@hﬁ_§@4is.aé“%tie%zmiﬁﬂiﬁtQOd

ram storing unit 305, n optim zation ‘program storing unit

sel ection rog _
308, a d%ﬁfgll'ﬁ 89unPrdgo7, faandmeaeuabimgunicomponets (onter facdjoam t {306,
paratus 300 is

?Prgl Z(r)re(r)I gﬁﬂm@%g;baggipg%@%nggtr@genﬁ:ﬁggﬁgolgaﬁgagn OpEhgohaRrdoibut er
exedwt esaaem:fdnnc@thtfrﬁltheStjéltéﬁrﬁiﬂe‘dhﬂw@ﬂhi:mgz%ﬂdé(]—. .rreftt??dcomgﬁ)ﬁgﬁfc.t ' on
program storing unit 305 and various prograns Sstored in he optim zation
programwwggyrﬁ%t@@f& momlm adi tompionaint nountért 3010,s &2 CPU
(Cent ralcdioRfRehd mblidter 33348 ' 62 BROSERERE OmdliSedl k9148, " SPonse
component mounter 5100, a component mounter 4100, a
component mounter 6100, and an operating time reducing
15 apparatus 300. |
[0059] The component mounters 1610, 3100, 2100, 5100, 4100 and
6100 are apparatuses that mount components onto a board.
Detailed configuration of each component mounter is described
later.
20 [0060] FIG. 2 is a functional block diagram showing a configuration
of an operating time reducing apparatus 300.
. The operating time reducing apparatus 300 is a computer that
reduces the operating time of the component mounters by reducing
the component mounting time of the component mounters., The
26 operating time reducing apparatus 300 includes an arithmetic
control unit 301, a display unit 302, an input unit 303, a memory
unit 304, an optimization method selection program storing unit 305,
an optimization program storing unit 308, a database unit 307, and
a communication 1I/F (interface) unit 306, and so on.
30 [0061] The operating time reducing apparatus 300 is implemented
when a general-purpose computers such as a personal computer

executes various programs stored in the optimization method
-32-




5 instruction fromthe conponent nounters connected via the conmuni cation
|/F unit 306 or froma user, the arithnmetic control unit 301 |oads a
program fromthe optim zation nmethod selection programstoring unit 305 or
the optim zation programstoring unit 308 onto the nenory unit 304, and
executes the | oaded programso io as to control the respective constituent
units 302 to 308 in accordance with the execution result. [0063] The

di spl ay | j ode- I -1 i_.gui.d_Cryst al

Di spl ay) gglrécttﬁgglansoe@rﬁﬁée&?h@ gﬁﬁﬁ%&n%d@ﬂ%ﬁﬁ%&?@gﬁﬁfmﬁ ide and
the | i kethars@miriat o mprogreadn faioridg iutigr 308i, ve operation or the like
bet ween ating, ti . _redyci a ratus 300 and an operator, under
t he contt@ﬁe’gﬁeﬁﬂg arg”?'frnfﬁ%é? i@%ﬁf%&lggﬁn is@ CRbAEgNtTAE PEBRRERIRGL i ON
[/F unitys®g i § an ikaca teryor Lke,.and is
used for. cg)gm'run_i ca%}ﬁgélt(lsgg Pﬁééég%oﬂe{z}emyé%mggﬁ&t heIrgp{aég[??hsgt itﬁe%duci ng
apparat u1S300CHRI t {i® Monffometo MponieaTts . mthentamor youniect@84 i atiRAM

art t it e TRV BPEGI &/ BHhE 3BlBS Pl ap Wi i SrEUNBR o kantroh
program ghitr B0d WPaHs385pr@§rand ridye eRL! %%%iiﬁiaﬁgm%ﬁ%%%%ggmﬂit 308

are hard disks that store Vvarious progra rinp tion
of the RGEMngtering vadudly appheadpbindatiohepregimmgstorisigouedt i n

t he opt i ' t el ect. rogramstoring,unjt 305 is executed by
the ari t%ﬁéﬁiﬁggﬁgrﬁﬁ%ﬁw %E%b‘ﬁ@ﬁﬂﬁﬁ%ﬁ%@%&@@ k’sa‘f%gﬂfoﬁfé‘r"ﬁtﬁ%n | 0SS
i denvi fydngtaincbndPSR B peppeeevE NEoMEAEEERE® LBl €8N HNRHg30RD.
Further, when a programstored in the optimzation programstoring unit
308 i s SEEUCRNGS With Ehe taxagutdon-3Sultontrol unit 301, the program

componen? Cthiy BrBEY Ualferfenitg G (Ss3BOdE HaY dhshonant Chbount i ng

order déiguid rmgstani DISPRG) arf e ik EOWMRNBNEHL BTHEINY ME 9803 s a

keyboard, a mouse and the like. These units are used for

156 interactive operation or the like between the operating time

reducing apparatus 300 and an operator, under the control of the
arithmetic control unit 301.

[0064] The communication I/F unit 306 is a LAN (Local Area

Network) adapter or the like, and is used for communication and the

20 like between the operating time reducing apparatus 300 and the

component mounters. The memory unit 304 is a RAM (Random

~ Access Memory) or the like that provides a working area for the
arithmetic controi unit 301.

[0065] The optimization method selection program storing unit 305

25 and the optimization program storing unit 308 are hard disks that

store various programs for implementing the function of the

operating time reducing apparatus 300. When a program stored in

the optimization method selection program storing unit 305 is

executed by the arithmetic control unit 301, the program serves as

30 an operation loss identifying unit 305a and a processing procedure

selecting unit 305b. Further, when a program stored in the

optimization program storing unit 308 is executed by the arithmetic
-33 -




5 determining unit 308d, a fifth conmponent nounting order determning unit
308e and a sixth conponent nounting order determning unit 308f. [0066]
The operation loss identifying unit 305a is a processing unit that
identifies an operation loss to be resolved in the conponent 10 nounters.
The processing procedure selecting unit 305b is a processing unit that,
based on the operation loss identified by the operation |oss identifying

it 305 ich i ' dure for reduci
the. oper PrRECE PRt 307 AT B RALA 2rSstas & rontoRuoRoar dnetintingd i n'
the opti orderideterkhimimgrant SEBaNG s@icbrf‘cﬂ%onhBeﬁﬂntTﬁﬁ)@ﬁe%S%irggg he

executed by the first conpgnent nmounting order determning unit 3
second cHFPBREHDIRBuNENHg 60&L, Aet Ehivdni GgMPODEBb8bNQUTRtink r drdemponent

mounti n i er,m. i it 308¢, e f nent ..nmount i or der
50" det oeRtEPminGo c ah! "08EL L & PauriD m st B e TR i g
uni t B08desadmihingi xehitcoB30@tEnt anofiifth ngcordsine At Qﬁ@iqﬁﬁpg?unbydgpﬁ S

descri beﬁskater... 0068]. Tg@ dat abase unit 307 is a hard disk That stores,
for exanpfefMINHIY H&HG 3Y8€ rtd opersdxthgCoOMmRORBAtcmoHNsingeostdag 25

for the gapPEMBRIN tesggpy the operating time reducing apparatus 300;
and nounting point”data generated in the operating time reduction

processi HY06HA0B9E Oiheratipntlodatiaesttofysag nnihe odad a@@sgru@éSS Jriig! udes
, a conponent library 30 3307b

nountin i nt, dat.a 3307a (4307a, 6241

(4307h) ?”FRJQFJHE'?H Tl At ﬁq{f%ﬁln&sso?msb@?&emky@xt)in theCamponent

i nf gpmat ey , URt-4 Nt i i | 7 conver si on
tablqg 1307b,ﬂtﬁél}%er iall-o - m%‘?]?ig?]%w oi %t(géé)agﬁél %E(’)‘?éngﬁéor\ﬁégogaﬁo%o%ent
data 6242 caebsiognuinig thadebatec or6262 operation ¢bssudentimed Batihear e

descri bed ter. [0070], FIG .3 is a flow chart of processing executed by
t he oper%?‘%'?ﬁgt'opi T & 99#'?&'%%%’?'&59%@00.59{6‘35 a program which is a

processing procedure for reducing the operating time of the
component mounters from the programs stored in the optimization
15 program storing unit 308.
[0067] The processing executed by the first component mounting
order determining unit 308a, the second component mounting order
determining unit 308b, the third component mounting order
determining unit 308c, the fourth component mounting order
20 determining unit 308d, the fifth component mounting order
determining unit 308e and the sixth component mounting order
determining unit 308f is described later. B )
[0068] The database unit 307 is a hard disk that stores, for
example: input data used for operating time reduction processing
25 for the component mounters by the operating time reducing
apparatus 300; and mounting point data generated in the operating
time reduction processing.
[0069] The input data stored in the database unit 307 includes
mounting point data 3307a (4307a, 6241), a component library
30 3307b (4307b), mounting apparatus information 3307c (4307¢),
task time information 4307d, a mounting point information array

1307a, a conversion table 1307b, number-of-mounting-points
-34 - .




5 The operation loss identifying unit 305a acquires, via the communication
I/F unit 306, the nmachine nane of a conponent nounter fromthe conponent
nounter in which a production loss or the like is generated (S22). Based
on the acquired nmachi ne nanme, the operation |oss identifying unit 305a

j udges whether or not the io conponent nmounter having the machine nane is a
so-call ed nodul ar type conponent nounter (S24). Here, "nodul ar type

component " ef ent u of type.in which a

nount i ngs%e?ag“rf-jﬁi;otn E’gﬁs&’cgﬂégﬁgﬁggt%%&rgz@ r?d’lﬁ]‘t@%f"ﬁ@'”go%&feﬁl@aont 0 a
board. 15Z4B71Deatrs bheuetnpepabidaruarerdéschiBedofatapdul ar type (NOin
S24), th mounter is of a rotary type. Thus, the processing

onent _rm _
pr ocedur zoég@cﬂgg%ﬁiq floos s haut ft RracessinBeexepuied tut toa quaergting
storing ht 298, 6E I f hAPl enenting the first conponent nounting
or der de?@%ﬁ ni ngat?ﬁtg%ggggg,taén%@o loads it to the nenory unit 304. Wen
the arithneticThenoparation 10381 idxatifyasgt DAIPIWEAMachberdd " StiaceRponent

nmount i ng _or der .deg,er m;’j}i n% unit 308a optim zes the component nounting
order bSSEYTUHICREIGN v &l URdt pa@h, i Maahiaes nawaecefpaneamponanitng

I nt . t ' ' ; ! 51
PonponentoantdtAbmi i RpRBERAI Ifosheet il ihick bieadftabh.idss har
head t hatheilike isigecmmadednt$2and Based drhehecaogpoired moohmea rieaaed,

whil e rogating ahout an axjs., . Here, the rocessi ng executed by the first
corrponen'%h?rﬂfg?'faﬁéoﬁr@éls 'i%?@mwg W'E@@SQMQ%S yeRethsedn aadr theo

[.00743] .. [ ar. t YES in S he
opersti on aehE ROt UHAVINg IR (TRENIRS LPRE TS o3 lgnen
mount er Mdars type cargponentopaoaritey {52 ).- 3Harduemeodulsr anysee cal | ed

al ternate nounting conpengnt unt er S26) . Here, "alternate nounting
conponenqom{?%'?gn?gggggrt Begﬁorsc@%ﬁg’ﬁ’tn meyntey ehicckyRepnuvbichy of

gﬁ?gtggga mﬂaﬁgf PeE thRY Hio1a5eloRPSEAERRE FbWASs Lo dPHIbuRPEPGNENt S
components onto a board.

15 [0071] When the component mounter is not of modular type (NO in
S24), the component mounter is of a rotary type. Thus, the
processing procedure selecting unit 305b selects from the
optimization program storing unit 308 a program for implementing
the first component mounting order determining unit 308a, and

20 loads it to the memory unit 304, When the arithmetic contro! unit
301 executes the program, the first component mounting order
determining unit 308a optimizes the component mounting order
based on the traveling path that includes the component mounting
points (S52). Then, the processing is completed. Here, "rotary

25 type component mounter” refers to a component mounter provided
with a rotary head that picks up components and mounts the
components onto a board, while rotating about an axis. Here, the
processing executed by the first component mounting order

| determining unit 308a is described later.

30 [0072] When the component mounter is of modular type (YES in
524}, the operation loss identifying unit 305a judges whether or not

the component mounter which is the target of operating time
- -35- :




5 [0073] Wien the conmponent nmounter is of nodular type and of alternate
mounting (YES in S26), the processing procedure selecting unit 305b
selects fromthe optim zation programstoring unit 308 a program for

i mpl ementing the third conponent nounting order determ ning unit 308c, and
|l oads it to the nmenory unit 304. Wen 1o ---the arithnetic control unit 301
executes the program the third conponent nounting order determ ning unit

308c opt igp h OQRno ' or, i ccordance th an

opti i oot acioh R BBeLFIka BNt it ERNER0 BN HolDber and of
al t er nat @26t iHey «, S28erihte photessh g ExeeiH ettt Pyolihtethirede Abtgamponent
nmounti ng_order determ ning, unit, ?_'080 IS described later. [0074]
SubsequetRMPON&RL BV ALEbAN VARIEN aditirplitnefumaursisg hegdeineformom t he
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mounsi nd H2Ad] Wheatcihres adrerpdrient ompanter Wk enoduaehtyipe thedtaf get  of
operating,tine reduction ts nponents onto the board. Wen

i nt erfer%ﬁ%'én%tt%mguf'@ K%gﬁ) ?’tzgse%gﬁo%@%%@%n& BEegederesalseting unit

305b sel S Iy | S ' Li: ram for

ol ey g (e o e b e Bt Rne 2 BySh P R m, SFb it Buft B et

and | oadyagraio foe mepbesmanting3the tWieh cdweponéhtemcuating drdev t 301
execut es, t,he pragram ..t si xt h ,conponent nounting order determ ning unit
308f optq‘%tie? i He‘r}b&%@ﬁ&mta%dﬂﬁﬂﬁgtctpdﬁ?ememgéwtm.té%%%eWh@n
intesfenprcerithTadkic eitrolh QP Si ' e c inNg so
execut ed by tr#le Si x'}tch conﬁ-gﬂleﬁpmmunti%gggeﬁg%g e e'%ﬁ?%%@ﬁugﬁg ‘E@@JQ? S
descri b&@mpoeent] @ogentisgnordeerdet@moéndapsunidt 338aropNOhizesS3Be, the

Tor {necobipBRent TBTRHE0 o HEEToyn ! Recor Rt e dNTheah RosHTTERbBRder |
deter i phothedl $p8eHic th087ebniPeReitentaTREACTST FRUALTAr ity pdf JRAWEAT type
alternate mounting ($28). The processing executed by the third

15 component mounting order determining unit 308c is described later.
[0074] Subsequently, the operation loss identifying unit 305a
acquires, from the component mounter, information concerning
whether or not interference, which is the collision between
components or between a component and the mounting head,

20 occurs when the component mounter, which is the target of
operating time reduction, mounts the components onto the board.
When interference occurs (YES in S$30), the processing procedure
selecting unit 305b selects from the optimization program storing
unit 308 a program for implementing the sixth component mounting

25 order determining unit 308f, and loads it to the memory unit 304.

- When the arithmetic control unit 301 executes the program, the
sixth. component mounting order determining unit 308f optimizes
the component mounting order such as to resolve the interference
(532). Then, the processing is completed. The processing

30 executed by the sixth component mounting order determining unit

308f is described later.

[0075] When interference does not occur (NO in S$30), the
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5 alternate nounting (NO in S26), the operation loss identifying unit 305a
transmts to the conponent nounter a command for acquiring the board
carrying-in tinme (S34). Here,. "board carrying-in tinme" refers to the tine
duration fromafter the conpletion of nounting conponents onto the board
until the tinme that the next board is io carried in to the board stop
position in the conponent nounter. [0077] Wen the board carrying-in tine

[ [ he YES jn S36), .th ] ion |
dent 1y PEACEESd 3. SRIRBIEt g cEh e Bt e doshd SPRR RN, | e
i s greatprocébeing poedeher %Oﬁﬁbéﬁéﬂﬁh%@uﬂuhgnﬁofﬁﬁ) byMigRe t hgxygl ue is

15 greater than the predeterm ned threshold (YES in S38), the processing
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carr

unit 308d is desc ibedt | ater. [0078] When the boar ying-in time is not
successf‘iﬂ’W%{m{Sré?ﬁ Q Be hossE) Usrtilakher H&ﬂﬁv@?@tmm&rboﬁ‘ﬂ%ng-i n
timp<... hi | o ' | | fyi It
So 3055 FPaRedinctd thg BBal U btdh Pisiticri i AR EbhlobEPE LRI T asks
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than a predetermined threshold Th_time (S38). When the value is
15 greater than the predetermined threshold (YES in S38), the
processing procedure selecting unit 305b selects from the
optimization program storing unit 308 a program for implementing
the fourth component mounting order determining unit 308d, and
loads it to the memory unit 304. When the arithmetic control unit
20 301 executes the program, the fourth component mounting order
determining unit 308d performs optimization processing
~ (processing of reducing the operating time) on the component
mounting order so as to minimize the loss time caused by the board
carrying-in (540). After that, processing subsequent to S30 is
25 performed. The processing executed by the fourth component
‘mounting order determining unit 308d is described later.
[0078] When the board carrying-in time is not successfully acquired
(NO in S36) or alternatively when board carrying-in time =
threshold Th_time (NO in S38), the operation loss identifying unit
30 305a transmits to the component mounter a command for acquiring
tasks in the component mounter (S42). Here, "task” refers to a

component group mounted in one iteration of a repeated series of
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5 each task, whether or not conponents having nutually different
transportation speed limts are included in the sane task (S46). Here,
"transportation speed limt" refers to the maxi num speed of the nounting
head when a conponent is picked-up. [0080] Wien conponents having nutually
different transportation io0 speed limts are included in the sane task

(YES in $46), the processing procedure selecting unit 305b selects from
t he

the optimzation programstorin nit 308 a programfor inplenmentin

1Tth cotBnahC Ut TRy Sschar! daeBUiR PN SRbE 3088, okt MRYEUANG: Ofo t ho
nemory ueongodentbaseribeniid WYRhCrfoRhERlg Wty 15 301 execut e the
program the fifth conmponent nounting order etermning unit 308e perforns
opti m zat 984 9dr VOeeRitige taskshere coqanent frooonth egamgemesot asotumteeduce
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processiﬁgpgfogtﬁﬁé%}&'ﬁgaqsﬁ?ﬁhﬁt 'é%r@ﬁsst@ Bt s W §Ble|erﬁ:f E’gt i on
pr.ogr am i@ m ogntimg thedd \,ahghogr@jmfmjnéﬁpliggﬁ@kb@gurphe second conponent
mount i ng[ orger dﬁ]t ermning unit 308b, and loads it to the nmenory wunit 304.
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The processin 38 executed by the second conmponent nounting order
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loads it to the memory unit 304. When the arithmetic control unit

15 301 executes the program, the fifth component mounting order
determining unit 308e performs optimization processing for the
component mounting order so as to reduce the component mounting
time with attention being given to the transportation speed limit
(548). Then, processing subsequent to S30 is performed. The

20 processing executed by the fifth component mounting order
determining unit 308e is described later.
[0081] When the task is not successfully acquired (NO in S44) or
alternatively when all speed limits of the components within the
same task are the same (NO in S46), the processing procedure

25 selecting unit 305b selects from the optimization program storing
unit 308 a program for implementing the second component
mounting order determining unit 308b, and loads it to the memory
unit 304. When the arithmetic control unit 301 executes the
program, the second component mounting order determining unit

30 308b optimizes the component mounting order based on the
traveling path that includes the component mounting points (S50).

Then, processing subsequent to S30 is performed. The processing
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5 order determning unit 308f are described below [0083] [First Conponent
Mounting Order Determ ning Unit 308a] The conponent nounter controlled by
the first conponent nounting order determining unit 308a is a conponent
mounter 1010 of rotary type shown in FIG 1. io [0084] The conponent
nmounter 1010 is a nounting apparatus that nounts plural kinds of
conponents at high speeds onto a printed circuit board that nmakes up an

el ectronic arat us, The conponent unter 1010 includes: a rotary head
1100 t haFXS.%QEEdﬂbV, %h?rseﬁgﬁb(& FQFQH&%@W%%S&W%% Hgt%ﬁﬁBHéGtU Hlippl y
unit 101308H iddlessriird 9st&ari ous ki nds of conponents to the rotary head
1100; and an_XY table. 1015 that noves, in the horizontal plane

di recti oh8082d phenpeacessing exasare dliycdbet fissbarompaossit FhGunting a

schemat i L Aoy, ] itional, rel ati bet ween conmponent
supply urdeRstAtERIRb %R 088 AR REN KRB coRtSRaPE AURRES 4, (e
rotamy heeded HeQehpsiniA§ URUNBOBY HeadreskiPPe@asdcier Vi ng as nounting means
for rmoupti ng]conponents onto augjri nted circuit board. Further, the

mount i ngt @84 1 Ifirsth&®apengank Mo wotinige O rdest Detewmm)inimg cdnilr 808&alt ached,

1101 that rot e GrTd Emburid T REbIRE' b Rhet st CaitP GhdeR can
hol d conmpuanentiaghyrdercdate smehireg unit GU i4s chewbndnt AsoLIAYEF 1RArG 1 N

FIG 4, tge conponent supply wunit 1011 has conponent cassettes 1111 that
are al i geBOtHOf E¥BRIEDPWN M £ iwland that can provi de conponents of the

capaly hBE4 P IHE Forbeherit bl AR 10 1€ 3 o RLING Shnty Fis ERbonent
supply umicturit@lpiwed lakinvgs tof chenpohaitts aBhiggrdpkds ightide fraxd

&d
directions in FIG sSp as to select the conponent to be nounted. [0087]
As showfITGU] C?O@',’ét ﬁgaéonﬁtﬁ@ﬁ sds st eetectronie| @duzaratas.eel Tha3

~around WHHB A GHRAUIFAe! 388 oA utdal §obESH* He P8 100 that picks up,
| transports and mounts components; a component supply unit 1011

15 . that supplies various kinds of components to the rotary head 1100;
and an XY table 1015 that moves, in the horizontal plane directions,
a printed circuit board placed thereon.
[0085] FIG. 4 is a schematic diagram showing the positional relation
between a component supply unit and a rotary head.

20 As shown in the upper part in FIG. 4, the rotary head 1100 has
18 mounting heads 1103 each serving as mounting means for
‘mounting components onto a printed circuit board. Further, the
mounting head 1103 has six pickup nozzles (not shown) which are
attached, in a manner freely movable in the height directions, to a

25 rotary base 1101 that rotates without moving in the height
directions, and which can hold components by vacuum suction.
[0086] As shown in the lower part in FIG. 4, the component supply
unit 1011 has component cassettes 1111 that are aligned
horizontally in a row and that can provide components of the same

30 type sequentially to the mounting head 1103. Then, the
component supply unit 1011 has the function of moving and

positioning the component supply unit 1011 relative to the rotary
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5 nunber of conponents of the sane type is wound; and a tape feeder 1114
that sequentially supplies the conponents held on the conponent tape 1110.
The conponent cassette 1111 can be attached to and detached fromthe
conponent supply unit 1011. That is, the conponent cassette 1111
corresponds to a unit that io provides one kind of conponent, while the
conponent supply unit 1011 corresponds to a set of the conponent cassettes

h hol d
Fra o i neadia R ARE 2R, SR o ETEos A Ronas 5 chaldntaong a

rotary hea:hp@n@nartd) bednrowere@nent supply unit. 15 [0089] As shown in
e revolution axis of the rotary head 1100 does not nove,

the fi guEﬁ E
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1115, Thie?’n(i% | SRavEaTIAlY na Ui | hposiam@eTEEnthehittinoimotead

[1(%880] Her e, r};@n &ﬁ?ed c%ﬁgg}) oar%ggﬁé}ﬁhgf%;% |rr: ﬁ)ng%%;dt?g are

to be natteebeids th aneld detaah X fraht eHeneiorapewant E%Ipm?nunfi@\fmi![ed y in
t he hor I@?Pnt al gl ane directions. The position at which the conponent is to
be mount ¥t 454 P@r(ﬁorﬁeaow%\?ﬁﬁgeﬁ% 1blilncearespends b@aa it thoab1]

camita (H§e30NE RIRY, AR A ESERR oih B ERECRaPand Uiy bink

1105 i s 1) thnesrresponds duya Beng:)ﬁtherrpcnm@néhfﬂfic@s%ﬁ@suﬂ j11%] t(*ﬂﬁrs
mount i ng_head 40 1]{% and includes a |l ens barrel 1105a, a small
view fi dN@Ycalg Incl @%H@%'P&B@"ﬂ/ﬂé@ﬁh@ﬁ@ theeet)1105c. Mrrors 1107a

and 11([?)‘0%‘}1 Adald i§ 8" aladrdtP sRhe maeART dHEhGgt Afe | 58SitRRLF!

1105a

relation among a rotary head, a board and a component supply unit.
15 [0089] As shown in the figure, the revolution axis of the rotary head
1100 does not move, while the mounting head 1103 provided around
the revolution axis rotates intermittently about the revolution axis,
so that work corresponding to each position is performed.
Explained briefly, the mounting head 1103 located above a pickup
20 opening 1112 (position B) provided in each component cassette
1111 picks up a component through the pickup opening 1112. Then,
~ when located at the opposite position E, the mounting head 1103
mounts the picked-up component onto the printed circuit board P.
[0090] Here, the printed circuit board P onto which the components
25 . are to be mounted is placed on an XY table (not shown) that can
move freely in the horizontal plane directions. The position at
which the component is to be mounted is determined by moving the
printed circuit board P.
| [0091] FIG. 7 is a diagram showing an example of a component
30 recognition camera provided at position C in FIG. 6.
A component recognition camera 1105 is a camera for

recognizing a component 1106 picked up by the mountmg head
- 40 -




5 [0092] The small viewfield canera 1105b is a canera having a view field
size of 6 mm and acquires an i nage of the conponent 1106 reflected by the
mrror 1107a and the half mrror 1107b. The large viewfield canera 1105c
is a canera having a view field size of 28 nmm and acquires an i mage of

t he conponent 1106 reflected by the io mrrors 1107a and 1107c. [0093]
FIG 8 is a flow chart show ng operation of a nmounting head 1103 in the

' cho r b 07y S0Ad B RS SRePRE IO ORIl O eniatt gy cam e chup

nozzl e skl66bi amd 1b |pogiet voew(fiesdt E@mérd N TS, 6)MAPLRSt 18R AP
nozzl e next conponent to be nounted (S1401). Then, the

zﬁgégble for th I rg) ) nt e
rotary C138¢ pshad: AiEROL AT 97 breredumVidg chénsidel bbei kenodmredl at t he
pi ckup upj psgposition Bin FIG 6) (S1402). At this position, the nounting
head 1103 picks up and holds a conponent fromthe 20 pickup opening 1112 of
t he SonddHE2] ddessmall Vietv-Hieldiaraarael 1 pi5¢kispa rednkea (B a \LidgP5]

Then, t Ird?t ar(%lé)%ge 1101 is rotated until the nounting head 1103 is
| ocat ed 'Ht'% RE nEHD, rAReFr 4V B8 Scaretmagr el i sompanentn 1806 6)

(S1404) . ki AV f I L (AN | araoe, viewfield
caner a {fg'}?tgrcﬁ)@?dtg‘g@zﬁ]wygf\glp%g%%rg%%ggaélﬁr @P'g(ﬂ ?rln?jﬁof %p%el%r(ﬂﬁponent
havi ng bdew-fialdedanperind 105 ans miceederdheavin groeiowofiessidigei sf pey f or med

so that the ickup state of the c onent is recogni zed (S1405). In the
ocogn B BRCAEBHTER, Gnolmage ChobarMP e R d Ml areaseshar Ay tavi aci on

of ihe. egnrersof 1008 5AAPPIEYH- rel ative to the center of the pickup nozzle
and the anmount of rotational deviation of the conponent are detected.

Fur t her [00SdYhERG . B is:cmﬂ@rvemmaszIﬂm\fviingeusparatpbqk@faaom-icﬁmah?)ﬂﬁ%ﬁ:{ _Ofk, _
the 1 ke Is

per f or mid Doriarie ks e At IoRis ey om 8oenatthg mPErfog such

gissgarcggigmﬁﬁtumfpr@ﬁa@ﬂ (ERel rbtaPRkad #9 gj.cked-up conponent is

[0094] The mounting_head 1103 located at a pickup nozzle selection

15  position (position A in FIG. 6) selects a pickup nozzle suitabie for the

next component to be mounted (S1401). Then, the rotary base

1101 is_ rotated until the mounting head 1103 is located at the

pickup unit (position B in FIG. 6) (S1402). At this position, the

mounting head 1103 picks up and holds a component from the

20 pickup opening 1112 of the component cassette 1111 by using the
pickup nozzle (S1403).

[0095] Then, the rotary base 1101 is rotated until the mounting

head 1103 is located at the component recognition camera 1105

(position C in FIG. 6) (S1404). Then, the small view-field camera

25 1105b or the large view-field camera 1105c provided at this position

' .acquires an image of the component having been picked up and

transported. Then, image processing is performed so that the

pickup state of the component is recognized (S1405). In the

recognition of the pickup state, the amount of two-dimensional

80 deviation of the center of the component relative to the center of the

pickup nozzle and the amount of rotational deviation of the

component are detected. Further, judgment of component
-41 - .




5 (S1410). On the other hand, when it is judged that there is no error (NO
I n S1406), the conponent is corrected in the e-direction based on the
above-nenti oned anmount of rotational deviation detected at position D
shown in FIG 6 (S1407). Here, as for the anount of two-dinensional
deviation, the position of the printed circuit board 1o is finely adjusted
by the XY table 1015 so that correction is achieved. Then, the rotary base

1101 is head 1103 is,located at the unting
unit (SRl B ol RARE B s M toariristh ErRgr ks CaroR a1

| ower ed pmcaa:smn@aman\@wchetslsﬁu ball t19é 1ikd1@s GRIAPORRTEG [ O TR TOWH&Y, and
t hereby pushes, t he conponent in and mounts it onto the printed circuit
board P %PG@&UP[W& "—‘F]@Q@dl gsahavig &h esser ishiaky aﬁaaummnm'ai@st of the

e Shoun s AERA YRS 1A 51 08, 08 lchge BN AR R S e

corrpﬁner(tS]s411bﬁI)y lfmntthémmwr handyhivheindit i2quermperat thepeliy rﬂﬁbﬁ"r&R I n
nts of the sanme kind are set up in the left-side

th h
corerpgngﬁw@ g}‘fﬂﬁf Q‘Ee SERENPPRENT hEoETefdesbipéhend- @Wﬁﬁtwmmasezd?

Then, f n of a

boar d ﬁ“ﬁ.’*ﬁ?be*’ewﬁﬁfhﬁ' R 2B BRE P oSN e ptidn) Bt e

conponemoﬂslm‘u@lshmmﬂt !rZFFII@),Céﬁ €4 1402) waiHertg gesfdr el armovAE ép the
ion f rotar so_that the board production is

Cont | nus e Rgan el Cohad o mosnEian 6 ShRyP UMt CZrcHEmOATEr | ng
comnent o S P By P XY EapR BDLG KB Firaraatieh TP HEVER  he
sane coffEenthediodany Hase tiHO 1 nsgmtasedajnﬁmneaﬂiomnbyhéadt 1ZB3and the
componelt ISHBtaARIHS TR HDGoHBST BasItiPa E [D6SP: & 51608 sThem agr am
;?zmzwaﬁ“@@?ﬂ@g?@eﬁsdﬁwE“istWer@?qﬁsa%@z@ﬁ@%@ﬁ@hﬁu@%w&@ﬂﬁofn
nmount i n§hectpaeenent do bae'nounted and thereby pushes the component
15 in and mounts it onto the printed circuit board P ($1409).
[0096] FIG. 9 is a diagram describing various modes of the
component supply unit 1011. FIG. 9(a) is a diagram showing a
change mode. As shown in the figure, the component supply unit
1011 has a left-side component supply unit ZL and a right-side
20 component supply unit ZR. Inthe change mode, components of the
same kind are set up in the left-side component supply unit ZL and
“the right-side component supply unit ZR. Then, for example, when
components have run out during the production of a board by using

the left-side component supply unit ZL, the right-side component
25 supply unit ZR located at a waiting position is moved to the pickup
position for the rotary head 1100, so that the board production is
continued by using the right-side component supply unit ZR. Then,
during this time, the left-side component supply unit ZL is
replenished with the components of the kind that has run-out. In
30 this manner, by having the same component make-up for the
right-side component supply unit ZR and the left-side component

supply unit ZL, long-term continuous operation of the component
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5 board to be produced next are set up in the right-side conponent supply
unit ZR, so that switching of boards to be produced can be handled in
advance. This node is nost suitable for the case where the type of board
to be produced is switched frequently. [0098] FIG 9(c) is a diagram
showi ng a connection node. In this io node, for exanple, both the

ri ght-side conponent supply unit ZR and the |eft-side conponent supply

unit ZL e used roduce a board. This node is suitable in a case where
a large %%@Ee%ﬂb%c(gwst 985?&'@3 used in one board. [0099] FIG 10 is
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conponent
[0099] FIG. 10 is a diagram showing an example of the mounting

15 poin_t information array 1307a.
When the number of mounting points on the board 1020 is n,
the mounting point information array 1307a is an array having N

(=n+2) data elements.

[0100] Here, as shown in FIG. 11, it is assumed that two board
20 marks 1402 and 1404 are formed on the board 1020 in advance
while_five mounting points (mounting point 1 through mounting
~ point 5) are further provided on the board. The five mounting
points are points where components are to be mounted by the
component mounter 1010. An image of the board mark 1402 and
25 the board mark 1404 is acquired by the board recognizing camera
(not shown) provided in the rotary head 1100 for determining the
positioning of the board 1020, and their positions are recognized.
Here, it is assumed that the position of the board mark 1402 is
recognized first while the position of the board mark 1404 is
30 recognized next. In addition, a hypothetical point referred to as a
dummy point 1406 is provided on the board 1020. The dummy

point 1406 is provided near the board mark 1404 in the diagram.
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5 nmounted first anong the five nmounting points is adopted as the start
point of a closed circuit when the nounting order determnation problemis
nodeled in the formof a closed circuit. The nounting order determ nation
probl em nodeled in the formof a closed circuit is equivalent to a
traveling sal esman probl em described later. 10 [0101] Referring to FIG 10
again, each array element stores any one of information concerning the

t t i ke of {i t f dt t t
ot or mmt TONeVERopE s diypSTHRGFAR AT e g Y héoﬁisn?l?ﬁ N ﬁg' "
board namést beapeo it Brt {198 KRR 0DRYo E Bet H/@ﬁxd e?% ﬁ}%g’%

FIG 15 10 shows the information stored in t Seco
t he mouniN$§apBENPOEHioR s itbe bopad mo*kal@m a) HeFeg tHeeiveard Pod e 2]

X coorai pape. Bhes RArAeHYe1y 6 TichiftuRa, bt el R O mRRNSER 15 o of

the sounniongteal firse apnohet o fivg A t er)
"24" in the cor;rponenta sapgl y unit 1011 tlh@fp@ﬂ‘nel?s;%xn%gggﬁdcdasgg}é%t%gQFlfin

that holRRINthe %nﬁ@ﬁ@ﬂ GipCHig Whﬁmﬂé‘cﬁ anauretinguordey determznation speed

Comonanahent is; fHod& h Fhe rbfin b8 a dlHREa"SkbtRe P2, Bk Beitton
speed (Wd%debeﬂ@vhevmr) Prablém mda@e}j@ﬁtiﬁttlr@ fch%oéﬂ aT&]%s@%aénr%ng@d i s

expressed in eight stages rromlevel " | evel "8". Level 1 indicates
t he h| ghe KAk eé‘ﬁetélja Wﬂ%eéim@\ﬁ@ﬂesmalﬁlopltﬁdI@@td\@theﬁtIatea{d speed.

o Tha t a c cannot be nmpunted at a
“high h a((?aispe \f%’ef‘é?gﬂ'g@q%eﬁgfe; alpoaégﬂ?f %g’%i.bggha)/sg&mﬁpgdﬁq—@seantyhe head

speed ok caf emftdmapr@eﬂ ednvbramd hehéotpyaititendad40Ghedt |ptES of

|ntermttentl e rotary head 1100 rotates about the axis o -44

rot at i oﬁnﬁyné I PQ'UFnQE@f% tH#e 8sme’ rapmtn’p)gcmmgtupnf(Breﬂa(tmimo,nent at
Dost 1 oneeiRafic), ot @RI By e BintHid oM (ALRARIENSI,
rot at i odrghéeibrohation conaerningdtHA @@ dision of the dummy point.  FIG.

15 10 shows the information stored in the second element Data[2] of
the mounting point information array 1307a (Data). The element
Data[2] stores the mounting point information of the mounting point
2, namely: the X-coordinate "45" and the Y-coordinate "18" that
indicate the position of the mounting point 2 on the board 1020; the

20  Z-axis position (Z-number) "24" in the component supply unit 1011
for the component cassette 1111 that holds the component to be

~ mounted at the mounting point 2; the speed (head speed) "6" for
the time after the mounting head 1103 picks up the component until
the mounting of the component; and the transportation speed (XY
- 25 speed level) "2" for the XY table.
[0102] The head speed is expressed in eight stages from level "1" to
level "8". Level 1 indicates the highest head speed, while level 8
indicates the lowest head speed. That is, a heavy component or a
targe component cannot be mounted at a high head speed, and

30 hence a lower head speed is adopted. Here, the head speed

indicates the speed at which the rotary head 1100 rotates

intermittently. Here, the rotary head 1100 rotates about the axis of
-44 -




5 determ ned in accordance with the | owest head speed anong the head speed
val ues of the conponents picked up by the plurality of nounting heads 1103
| ocat ed between position B and position Ein FIG 6. However, in this
exanple, in order to sinplify processing, it is assunmed that the head
speed is determined for each conmponent io0 w thout taking into consideration
t he head speed val ues of other conponents | ocated between position B at

whi ch th head , 1 i th t and position Eat which
the compurteliBhY 8353 0l Yo he tHiee iy SREpSITE: IRfACS pBEKIDE R et abl o
i s expressatbonentmiepaBitishagen Fromd ?Sq|4d'%'intlflci($ﬁ?;%rﬁ§'f még‘h‘f&m} o

indicates the highest transportation speed of the
level 8 thediempanent abowesitionalspor F&GL ob  He4d9ofn tHG XB t.abTAus)15.

or o | 2T SREARTAGY {HIE TRAREIE tabRon bLoBS SRtarie hAPG 268 4 1015
wer e sexcatetevelineti oh.addrdamioy edithoFRENRIWeSPHehd bﬁ)é%ﬂi Qﬁ?&ngffhc—% rom

the board 1020. Thus, in the case of such a conponent, e transportation

speed ofedd s@eedoyalurn ofiheoraponentsnpicked puy thyt tbe phewdityeod! .
[ 0104] r : ' r i ernj osition of the hoard_ 25 mark
and thel-!‘i?'r?ﬁ]onrgr%ﬁ |§§5§§g‘?gpﬁ]#§8§%&i gioeg%é%ﬁ @?Sltth%n %ﬂﬂa RS RO EeRissuned
to al so ikt 6i n Hoharvert iiarthss mxanple, iherd&ru 5ne phey Brdddyifet ijen.
[0105] FIG 12 is, a, diagram show ng an exanple of a conversion table

1307b. TRATVINEGGithati e heatbspaed dsidetermined Joverachgcompoment ti me
t he {heal , ; | f XY taple 1015 th

|1k DC T RRRR, ek FERNEONRIACE ABA7 108) nEAB. Spedl vEHUBReOE RIS on.
The secauinpainemts hdcateesbeteedhspattortB QtywWiREHEERe &SR g Poi Nt |

and a rm]gpélgnpﬂ EOi nt é The third colum indicates the Z-axis distance
(absol ut IRIEKSUR hBe epmmananrkasd prsitiopUnBévehidhethe ao mipo rmponent

cassett g5 tatyntael ds the conponent to be nounted at the nmounting point i

and the
[0103] The transportation speed of the XY table is expressed in

15 eight stages from level "1" to level "8". Level 1 indicates the
~highest transportation speed of the XY table 1015, while level 8
indicates the lowest transportation speed of the XY table 1015.
That is, in a case where the component to be mounted is a heavy
component or a large component, if the transportation speed of the
20 XY table 1015 were excessively high, the mounted component could
| be stripped off from the board 1020. Thus, in the case of such a
component, the transportation speed of the XY table 1015 is set at

a low transportation speed level.
[0104] Here, the information concerning the position of the board
25 mark and the information concerning the position of the dummy
point are assumed to also contain information similar to the

mounting point information.

[0105] FIG. 12 is a diagram showing an example of a conversion
table 1307b. The conversion table 1307b is a table for converting
30 into time the head speed, the transportation speed of the XY table
1015, and the like. The first column indicates the time t (msec)

after the conversion. The second column indicates the distance
-45 -




5 conponent cassettes that holds the conponent to be nounted at the

mounting point j. The fourth colum indicates the head speed in the case

where the nmounting conponent j is to be mounted (that is, the level of the

speed at which the rotary head 1100 rotates intermttently). The fifth

col umm i ndi cates the maxi nrum val ue 10 Wrax(o-';) anong the val ues rangi ng

fromthe transportation speed of the XY table 1015 for the first nounting
XY table 1015 for the nmounting

int to t tation. d of th _ _
poi nt 1+ AL R LBOH AR e nFeh s VROGS @R @IS 1t héne Third

transpor calliiain Speaftatiest hen&Y 2-aplig Jcﬂéﬁahéeui%%sftﬂﬁgsc\?é:%d Bﬁf ‘Epéﬁ 'S
t hat when a conponent having a | ow transportation speed of the Y tabl e
1015 i s &hderapeat etitbhat4-nus hers Hbetaeen theheodpambhe cabdbitethatmoved

Comonent Ol Raic 1 CRATRGEENS 1R0BE T orade BN Kl BoT R bhad hEherr om

t he bpar doh®BBnentah aldteenahiateh oyl deoshé icoMbofevitald '
Therefore, when the transportation speed of b?he X?/ctdt g%@%‘{)g}g@{g??g uced

once, thBE'GYNtHYHIROING1E shBEl fowsth Kelubvedndicates dhepbierat ispreexpénd

hi gher r In the.case where both f§he head
speed an%ﬁtéh%eégggl%g@%ﬁﬁ&@ﬁgéoempﬁ&é@ﬁ%'%%Qt%‘?\é@ob&&eﬂr qhis,
mount i ngtipei tevel dfo thiee gpeedi By Phith jthies r%Qar?h%éédTEl%‘Besr%%)feﬁor the
novenent. i S obtain Further, in the case where both the

ed to_be 120 nsec.
head speﬁﬂqﬁa'tﬁﬁatlxg-spérb@_ IfeRell cadummeinmigateagtipei maxirauenyvale tine
Ve o nolty o pIRRE e \RIBRSTHITGINS Ead s gratied sg s |
Cal cul ated val os. For oxamle. nen the o ancuAnd'® patht S8 1S o
fﬁec'gi netrﬂﬂﬁ(%{ff?t?%béwoﬁc&hm hgble Adkkd tfhe trtﬁy@ﬁ@haémﬂg(;ﬂcﬂﬁtdbt ai ned
P10 [BEL e oFremdch khy [9OSEs)tn) SEARK A A0°L S 5P 4
transportation speed of the XY table 1015 is used as described here
15 is that when a component having a low transportation speed of the
XY table 1015 is once mountéd onto the board 1020, if the XY table
1015 were moved at a transportation speed higher than that, a
heavy component or a large component that is mounted onto the
board 1020 could be stripped off from the board 1020 or
20  alternatively positional deviation could arise. Therefore, when the
transportation speed of the XY table 1015 is reduced once, the XY
table 1015 should not be moved at a transportation speed higher
than that.
[0106] For example, in the case where both the head speed and the
25 XY speed level are 1 and the distance Axy from the mounting point
i to the mounting'pointj is 20, the time necessary for the movement
is obtained to be 120 msec. Further, in the case where both the
head speed and the XY speed level for the mounting point j are 3, the
time necessary for the movement is obtained to be 140 msec.
30 [0107] Here, a value not listed in the conversion table 1307b can be
obtained by performing linear interpolation or the like based on the

already calculated values. For example, when the distance Axy
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5 simlar interpolation fornulas are obtained. [0110] FIG 13 is a flow
chart of processing executed by the first conponent nounting order
determ ning unit 308a. The first conponent nounting order determ ning unit
308a reads the nounting point information array 1307a and the )o
conversion table 1307b fromthe database unit 1307 (51002). According to
the nmounting point information array 1307a shown in FIG 10, nounting of

t he conponRents,J f .in the,order indicated by arrows in FIG 14.
[0111] T%é(%téet%r%ﬁf]]ﬂ%’t ‘%@Eﬁﬁmsnﬁxv gt RGCEPGerY detfeMPMITHY afiass Be308a
gener at edistdracd fablie disisad cen | ' i mation array 1307a
and the nver.si onﬁ?zlibl e 1307eb Pkgﬁqﬂggb@ggg@ﬂmﬂu%ﬂug9?51004). The tact
141

tabl e is 8108 bo(AxY )R 308 A 13 ) HbS&Bary aftpr the nounting of a
conmponen i | [ i.L.the nmounting, of, a conponent at a
rmtrjrﬁti ngtggibng;a j. Olpgei%gﬁm%l I(Ear%gﬁ%egeré?cﬂrgglrégr'ﬂvﬁ(Sﬁin%r{BP@nﬁWée%f a
tact & abbEmilaeingerpbéatioar forraukad 44 bptdaieged as a nounting point 0,

while t oi 1406_is defined as a nounting point 6. The nounting
time tij Pﬁéibﬁ?ﬁi@ ff%rﬂﬁtﬁeﬂﬁ%ﬁt'"'iaﬁ@ @hipfocessing hexeowted i ng tha first,

the fol| sonEORERt tRoURIRG ST e BE bR Sunli3 083 o) o7 T 9 O
~th(hj), tw wraxTioe’ fiy38 doanplodier] nitsuatindietdée delteymimeALi QRRI oA i ng
point informatjon i for the nmounting point i is expressed as (xi,Vyl, z;
 hi,wi) regfianith t ROWBERNG ngOopRE ninformoaiian omrrayor13a8&amanti ntheoi nt |
s CShE ORISR ot ol U IS b 307 (0. v e
obt ai nedAbgo dimge toi tige Anp uintimg tpoimt iafeenthtiont arid\e 1ITOYS HORN APl €
1307b, 'AP-ZI:(IS.Z'J:(},; lnﬁo%'nsttlr?acgfotnhet hceonz1p%xr;ésn%Etigeggréohremg%n?r?ntehné order |
indicated by arrows in FIG. 14.
[0111] Then, the first component mounting order determining unit
15 308a generates a tact table based on the mounting point
information array 1307a and the conversion tabse 1307b that have
been read out (S1004). The tact table is a tabie that lists the time
necessary after the mounting of a component at a mounting point i
until the mounting of a component at a mounting point j.
20 [0112] FIG. 15 is a diagram showing an example of a tact table.
Here, the board mark 1404 is defined as a mounting point 0, while
the dummy point 1406 is defined as a mounting point 6. The
mounting time t; necessary from the mounting point i to the
mounting point j, which are respective values in the tact table, is
25  obtained according to the following Formula (2).
[0113] ty=max{txy (Axy),t,(AZ),
th(hj) tw(Wmaxo—1) 3 (2}
[0114] Here, when the above-mentioned mounting point
information i for the mounting point i is expressed as (xi,yi,z;,hi,w)
30 while the mounting point information j for the mounting point j is
expressed as (xj,yj, zj,hy,w;),

Axy=max{|xi-x;|,[yi-y;| }
| 47




5 cassette that holds the conmponent to be nmounted at the nounting point i
and the conponent cassette that holds the conponent to be nounted at the
nmounting point j, tz(Az): value obtained by converting Az into tinme based
on the conversion table 1307b (tine necessary for supplying the io

conponent from the conponent supply unit 1011 to the nmounting head 1103)
h): head speed | evel of the conponent j (level 1 (high) to level 8 (low))

th(hj): ti for the internittent rotat f the 15 rot head
unen Lhe. pr ocoSts RICEYARIAS e st FRAsANGGP &I EhES N PR (G (7R ©o

the mounting at, (hsyyRuniaing Peibthihed Wy ( Qs rﬂ\)ertﬂﬁﬁxgﬁﬁgvail %?Oi‘g‘ﬁge the

val ues ranging fromthe transportation spee of t bl e or the
first no@REPRGINGIONEhE Cameeksiansiableal 3&Yspeed of the XY table 1015 for

buqurae (oo ) P02 Bl bistigfe Bt b hobitir. fxls it s n fhéreBMRonent
accorai ngaSs’etﬂEthen\mﬁiﬁsOméaéﬁme?@@t tboﬁé%dﬂﬂﬂ%d %Q é“PHBUrg%gt .

corresponds to a "cost” in a travel mgesa esman prob escrib
Furt her , PPt h@ndthegrempanent sasseste thatdiobiy tlnercam@araa&mt tatbe, ti;

=tji is @ﬁﬁﬁ’ﬁ?éjd t culated. This reduces the processing
tinme. reover l?%rmtbﬁjlenﬂ”i%g%mc@sﬂ de fromeach nounting tine, the
movenent di st ahac.ezbet\/\aeee dhviaimednby re rig sy rzwlrh% gigh & Rk P ol #rfe COST .
30 [0116] Further, th rmuntln%tlrre fromthe dumy point to each nounting

poi nt ( neRMYERYObi teblet ht30d® mtimeengngseasasy i for assppiiing bthe val ue
St aRor crlrpaeny FXBRP (he EORTERBENUORY will IR e dnseMedRtife von o
mar k 14d?£leadd1166)dumTy p0| nt 1406 is assuned to be a value (1 in this
exanpl e) smal |l er than unting tinme between any arbitrary nounting
poi nts. Note hj: head speed [mvel of the component j (level 1 (high) to level
- 8 (low))
tn(h;): time necessary for the intermittent rotation of the
15 rotary head when the processing transits from the mounting at the
mounting point i to the mounting at the mounting point j,

Wmax(o—i): maximum value among the values ranging from the
transportation speed of the XY table 1015 for the first mounting
point to the transportation speed of the XY table 1015 for the

20 mounting point i (level 1 (high) to level 8 (low)), and

tw(Wmax(o—i)): value obtained by convertmg Wmax(o— iy Into
‘time according to the conversion table 1307b.

[0115] Here, each mounting time corresponds to a "cost” in a
traveling salesman problem described later. Further, in the

25 calculation processing (S1004) for the tact table, ti;=1t; is assumed
so that t; is not calculated. This reduces the processing time.
Moreover, as for the "cost”, aside from each mounting time, the
movement distance between two mounting points may be defined as
the cost.

30 [0116] Further, the mounting time from the dummy point to each
mounting point (mounting point 1 through mounting point 5) is

assumed to be a value (10000000 in this example) greater than the
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5 that these values are exanples and are not restricted to such. [0117]
Then, the first conponent nounting order determning unit 308a generates
an initial traveling path based on the nmounting point information array
1307a (S1006). FIG 16 is a diagramdescribing a generating nethod for an
‘initial traveling path. The initial 1o traveling path is generated by
rearrangi ng the nmounting point information array 1307a into descendi ng
tion speed values of the XY table (ascendi ng order

order of the %rani ortg : ( :
of the | &VAFNGHG, Efj‘.e pEvEen REYXeT a5bédraryveowitingeppalisd nBukthena

Dat a[ O ; ta.b ' t ﬁ'ﬁ:ﬁ%? I |_ of .th k
(1406a[15] %%gtsg[%ﬁﬂﬁgdgtsrgﬁnggg{vgwﬁelt@? anggr esul 14:%@ asff%rtﬁ-'egéﬁ‘l%mﬁi{gnggt

up at tReiInbADGris RSsudded i be & alead Ipii this exaatplen sindlihe ehamy
' i n place of replacing

oint 14 r in order t eed roce ng, i :
Itoh:a el en@ﬁ?s’%ﬁr{lﬂbgr’rﬁﬁﬂ?i HSQW%I%IH EW?C?B’IP&H%?YI ﬁ@ﬂ?t'%m&ﬂt&- nmolateng
d ¥ t I ' j.nt
ot e e e e SRR M AT aPl e r e R L B0SBE et

nunmber ofolﬂa@]rﬂ')%ﬁm rigpepbirat dorhpomearitomoantiag d3@éa deretrhenimuniding
according to

poi nt wh ' ls perf.orned ai. the i+1lth tfurn. That is, )

t he noun?pﬁan@%ﬁéwg‘?# %)5' W'{'ﬁi tIEEI’Y;‘?hT@, Pg engdihe meunsng Raink or der
of boar dnfarkdH464, ) ' 4, n§ i j: I oi nt
1, nmounting point aza%nygglrﬁq?%qgolﬁjn?s% an du%gpgﬁﬂgb[a%wlﬂ shows
t hi s nouht DR§EsPaEIg mMethod, fer capséditiabprayedienerpatd. i nTWe Ghitigbunt i ng
IS perf. in t bove-pentioned order; starting at the board mark 1404
andqgndﬁg%%t“%eggm p%‘gﬁ?"ﬂ . bYo TEST I8N 9@ nthe hane LS iNG oRpdMent
nmount i ngnfoeeratdeterrrey 19Oy A I t] '

al ong the obt a?i ned i ni Itsyi al 0 Pr g’f?ﬁ?%gcggﬁwhh?eé’?odo%fﬁ %gttr?@gbtdnrgggtdﬁ;?
mount | nFREFR VR lalesngl theoXihkable (Rarendangl drdepaftthies |obehiviatdeby, t he

Hor e, " ad el i X7 st Ty ity MoREd 2T 104 (Dareloadt S ol e
shown i mdsutnetbto Heabguvhite tfe XA EpeRd level of the dummy mark 1406
15 (Data[6]) is assumed to be 9. As a result, the start point is set up
at the board mark 1404, while the end point is set up at the dummy
point 1406. Here, in order to speed up processing, in place of
replacing the elements of the mounting point information array
1307a, a mounting order array p that stores element numbers of the
20 mounting point information array 1307a is utilized. Here, pli]
Indicates an element number of the mounting point information
- array 1307a for the mounting point where mounting is performed at
the i+1th turn. That is, according to the mounting order array p in
_ FIG. 16, components are mounted in the order of board mark 1404,
26 mounting point 4, mounting point 5, mounting point 1, mounting
point 2, mounting point 3 and dummy point 1406. FIG. 17 shows
this mounting order. That is, a closed loop is generated in which
mounting is performed in the above-mentioned order; starting at

the board mark 1404 and ending at the dummy point 1406.

30 [0118] Then, the first component mounting order determining unit
308a acquires the total mounting time along the obtained initial

traveling path (S1008). That is, the total mounting time T along
-49 .




5 [0121) T=200+380+400+400+300+10000000+1 =10002081 (nsec) [0122] Then, in
accordance with the processing descri bed below (51010 to 51018), the first
conponent nounting order determning unit 308a acquires a traveling path
that mnimzes the total io nmounting tinme. [0123] According to the

above- nenti oned description, the nounting order array p that indicates the
initial traveling path obtained by the initial traveling path generation

i : ' d h in_ Fl 6.. Ho : i nplif
Pater - decdeitiahtravalRBEh b Ts Sardiaer by Hhs Toluing hareabia tale
initial [Oaudl]i Ngtpattys-otaitnedthy+the tdepiti al t(r:a)?:el ing path generation
S

processi[ﬁ &33]006) I s assuned to be generated as own in FIG 18.
Furt her, L¥3201skRbei @% proexdenple pthentotal meuntingetmaacaedraing tpeed

| evel of Q‘[%[H' ' oard: mar 40 i while all XY speed
| evel s 2%“‘??8%t e]%%\?ﬁﬂsﬁ%gﬁzﬁ_ Tst 'é”?ﬁé“i%%ﬂﬁﬁ\snso'gel"’rﬁ- 5 are 1, ang t he
speed | eMel2¢f] TH@ObHBBI0W4POHM 00 -HIVOWL PPOODODAPE) is 9. [0124] First,

the first conponen i ng order determning unit 308a sets up the |oop
counter i to be ‘_Olbgg%%i (grﬁéﬁ,c(ft he first conponent nounting order

or ol om RO ZER | PSVaI 1 he e R ancs WRKEIR, PRPEess o ABKEHHERL HRBN ng

order (S1910)0 medi0 58 pf thedirst- P peidot ntolAtd g areletegetéhfining er -
order has been changed by the 2-0OPT nethod (YES i'n

When t he ung | [ el
s1014), YR ﬁ@%g GSAHERS; g stiading o P@tP5 hed) . mMinmbnizes Hbenttosa! or der

- was 180 __rm'romﬁgs§ ly changed (NO in 51014), the loop counter i is
i ncrenment ed b% ne (51018). The processing described here (51012 to 51018)

i s repedi(ed? Bihidcortén g diouth ek idwe Imeptioned eledcripBon, edrhafo Untikat s,

until i=N=p+2_ is satisfied.(loop A). The traveling path obtained at” the
tinme t haﬂrc{' Ral L tcl;’fatt'ﬁ@'%@gﬁg%trﬁpmitragﬁbﬁéspagh@bﬂi’énﬁﬂab‘éltihﬁ?g pat h

that ‘m nhieiarerdVeing it iRwHd atioh 1P AihBHs 16085 &' J8flelSrd§ Y dance
shown in gIG. 16. However, to simplify later descriptions, the
15 mounting order array p that indicates the inijtial traveling path
obtained by the initial traveling path generation processing (51006)
is assumed to be generated as shown in FIG. 18. Further, for
simplicity of description, it is assumed that the XY speed level of the
mounting point 0 (board mark 1404) is 0, while all XY speed levels
20 from the mounting point 1 to the mounting point 5 are 1, and the
speed level of the mounting point 6 (dummy point 1406) is 9.
[0124] First, the first component mounting order determining unit
308a sets up the__loop counter i to be 0 (S1010). Then, the first
component mounting order determining unit 308a applies a 2-OPT
25 method of a traveling salesman problem to the traveling path, and
thereby tries to change the mounting order (S1012). Details of the
2-OPT method (S1012) are described later. When the mounting
order has been changed by the 2-OPT method (YES in 51014), the
loop counteriis reset to 0 (51016). When the mounting order was
30 not successfully changed (NO in S1014), the loop counter i is
incremented by one (51018). The processing described here

(51012 to S1018) is repeated until the value of the loop counter i
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5 problem That is, when the repeated processing of the loop Ais
performed 7 tinmes (N tinmes) successively and still the nounting order is
not changed, the traveling path obtained at that time is concluded to be
the optimal traveling path, so that the conponent nounting order is
determ ned. io [0125] The 2-OPT nethod (S1012) is described belowin
detail. FIG 19 is a flow chart show ng detail ed processing of a 2-OPT

et o up [RCIGSp eoutichr [Fr1BNBE 15O TarA3ie SnslSndIoPRe Al ucThes.of

t he | ooptranmilieg patdxoeedndd attire}int@dhat the sHNSE iotf;t‘lﬁ%dlddﬁ Polpgel-o0P.

count er "indicates the remai nder in e case where x is

jb. Hehe, "X nmod y' ] al na
di vi ded bye§PCchEs127ic thertraveding pathcmb maiitinmzes: tihe totdemdetndimgni ng

i 3082 i ' yal f t.h ' 20
ot nt 1 e e NS Gb Al o Hat S AHR MBS wlv eliFa Al St
mounti ngppobtemi.ndT bat eig, by helretthet repkbtéd pedesssithd ofaghé h%oﬂ“ﬂl?éi ng

poi nt p[k hereinafter) and the unting point p[j] "are the sanme (51104).
[0128] vﬂ%ﬁfqrﬁeeséﬁs%ﬁ@@%%uégngﬁ $Hecearv gl YEBNdn sl dlne, magntdsgt ot al

mount i Nggké ikS I f ' t r he . mounti ng_ poi nt
o1 1] " SOHIER d5TnbE Eafiged, fie ralRifld Mol dhrlReRl oAt thnsors Fhe
first coopookideddonbentherajerintet bravaling path, 868ehat vHeecomfRimertor not
t he cal cul ated t ot al m)ugiin time,is smaller 30 than the previous total
mount i ng"YWRIPE19688T 15 Ak ie@xanpl e, in the case where i =0 and j =2,

when ot he uBt t i e d r.th .
i nt grocha[n%Ie)Q%F -{ﬁg Q— E)vlwrnoﬁihr?gj gsﬁi?ngtﬁgngméantléﬁnfé §Fﬁ”land
p[ 2], ndlkbarlge isad Seswi chiareé soowlingodtianed ipcegnyeasoy DsOFST

fol | ows. Thﬁto s, when attention is focused on the nounting order of the
portion 'ﬂ%& affects the change in the total nounting time, the, nounting

tinme [0126]‘ The first component mounting order determining unit 308a
sets up the loop counter jto be i+2 (S1102). Here, when the value
15  of the loop counter j exceeds 7, ((i+2) mod 7) is substituted into the
loop counter j. Here, "x mod y" indicates the remainder in the case
where x is divided by vy.
[0127] Then, the first component mounting order determining unit
308a judges whether or not the XY speed values of the mounting
20  point indicated by element p[i+1] of the mounting order array p (the
mounting point indicated by element p[k] is referred to as the
~ mounting point p[k], hereinafter) and the mounting point p[j] are
the same (51104).
[0128] When the XY speed values are the same (YES in S1 104), the
25 . total mounting time is calculated for a traveling path where the
mounting point p[i+1] and the mounting point p[j] are interchanged
(S1106).
[0129] The first component mounting order determining unit 308a
judges whether or not the calculated total mounting time is smaller
30 than the previous total mounting time (51108).
[0130] For example, in the case where i=0 and j=2, when the total

mountin‘g time is calculated before and after the interchange of the
-51- . :




5 between the two points p[0] and p[1l] before the change of the nounting
order is obtained to be t01=200 (nsec) according to the tact table.
Further, the nounting tine between the two points p[2] and p[3] is
obtained to be t23=300 (nsec) according to the tact table. Thus, the
mounting tinme fromp[O] to p[3] is obtained to be 500 io (nmsec). On the
ot her hand, the nDuntlng tlne fron1p[0] to p[2] after the change of the

t be t0 di to the tact
rount O rRBUREAT R RGP e e SRR B R PSS 3ot Samess-200

(msec) aacival ngthet@nalhaﬁa Th t fr ] to
p[3] is v@%al ned to be 15 503ti‘|‘%€£i§?e uﬁh r;@?s{&iﬁfg&égﬁgoé?% qﬁé#o' é the

nount i ngV61&RRAtteRLIYR IS A@@@Sﬁﬂr@mytha heountmg mndarlcrfgthe rpi)rdn:ﬁs theit vary.
0131 t.h I { +1 d th

ount1 ngse 5 OREderH AR oG IR B Yer thRnorin Bh ot eor

al t erat beemea/mmme ttevd op @IntROWIDIINE nid rmﬂ]s bryfbréffal\éeéhéﬂgfeh%ﬁ EH

previ ous _one §NO in S1108), the value of | oop count I's mcremant ed
by one (81342 iNgrorgert isapbtalngdhgo he tomZBBa(mstemé aatuedm‘g tthetheop

Fepeat ed!J1uEEy Fukte R hoBhBTEERNE bEtWESHNRE thauBgints PRl ace
of j. v%andlp{rﬁr]l@&bemaad\lto Her it = Bﬁoﬂpﬁs@c)'ascc%ﬂ‘éﬁﬁ dd fh@éé?gfgiﬂémﬂ

V\henth Brocmgg loop. Bis conpleted, "the 2- matho
FIG 13)!idSy Pé'd't'n%timz&] fopen RIHE tot a[Bmuanobmgmeaimtoafaersomme

the t.ot al f
the b PeD) o0 i e RaRE ekt tholyind RS P8 Rstbshenr2B0
mount i ngafctedetrh&ie:tfmnngelm‘gthm M S08ENPIHdRY [NoHalIREdRY B Qggl?ldff W th

t he tot ter the nounting point interchange

Furt her a(lrf]ﬁgcgl ?%ﬁgorc‘iil'?ﬁogﬁn’ﬁh%@ﬁttl taple, dehile shedsreu ntmgnglma tfr8f8a
he mour o arer (SoPia|eptrBY B 306 (pRRtTa &odfife FeiBieet o
FIhG 21tatbﬂ.@ |rﬁreusnalngemmnmmgrmmfmnmmoqwpgwnﬁ%ﬁ&m@b%&@ge of
the,pathgd Yhi&c), which is the same as that before the mounting order
' change. Accordingly, the tota! mounting time does not vary.
[0131] When the XY speed values of the mounting point p[i+1] and
the mounting point p[j] are not the same with each other (NO in
S51104), or alternatively when the total mounting time is not smaliler
20 than the previous one (NO in $1108), the value of the loop counter
j is incremented by one (S1114). After that, during the time that
the value of the loop counter j is smaller than I+n+1, processing
subsequent to S1104 is repeated (loop B). Here, when j exceeds N, |
"j mod N" is adopted in place of j. When i+n+1 exceeds N, "I+n+1
25 mod N" is adopted in place of i+n+1. When the processing of loop
B is completed, the 2'~OPT method (51012 in FIG. 13) is terminated.
[0132] When the total mounting time after the mounting point
interchange is smaller than the total mounting time before the
mounting point interchange (YES in $1108), the first component
30 mounting order determining unit 308a updates the total mounting
' time with the total mounting time after the mounting point

interchange (S1110). Further, the first component mounting order
-52 -




5 closed | oop. When paths are interchanged, a closed loop is not forned
until the orientation of the paths |ocated between the interchanged paths
is reversed. Thus, when the mounting order is changed, the processing of
reversing the orientation of the paths is perforned sinultaneously. Then,
the 2-OPT nethod (S1012 in FIG 110 13) in the traveling sal esman probl em
Is conpleted. [0133] For exanple, in the case where i=0 and | =4, the

the noundEherihfte s Rt ren{gchs e Hefiedts of Eodi eyt order o ©
mount i nga peaytp, ph Al Kﬁ@t&w rmmg?@é t‘he 'nﬁ‘ohh'tﬁm gsua 135) ShpwpelS i n

the table in the | ower part in (a). Furt er, mounting tife for
the resp@&tdgechtasd ilateporis "foeéeﬂt:ﬁet(i) nlfIchk%thgé'l‘l@f mhercrnmugtau o poi nt

Fla 2ot e oA chofhAshdiiaS AR rbREnE o, sh Papscir.ehe "
showisng ¢losetd auebl ng\AmmmSp@awra-earmtefmanaédt hg tisdNaRge :§fnbhe
nount i ng (ﬁ’OI nts. He t he i nterchange of thé nounting point 1 with the

mount i ngd HenRe w&s popdentatiane of nthe cpatigs decated phetwaarm the

mountin in h om t he nount i ng
oi nt 4 (RefFheNoty P%Sh%”ﬁﬁ@se% 31 W a8 O P T e o

t he portalmalnghdt, thief pevsesding btﬁtrcdvéﬂsulﬁﬁlmﬂe blrr@wﬁailéﬁk@mh@t@aths is

consi deration, time _fromthe nounting point O to the nounting

nt n
poi it 1 BRHGT e 51T GRDRRY b1 nil N cFER 2ngiP T 60 e0hadd(S 10320 BEGor di ng

the 50 nEEhin iR BrafRhE SosTdY pROBls i SRR e tact table.
Thus, tk[é)l%}alFomananmgie i methe 686e(wWheck. i< dhe J@@e&h@aﬁ%ungh? A ter

nmountin m? m t he rmgntln oint 0 to the nounting_ point 5
t he mourtMfy '86i W€ FREBEE p rttm&m'r(n%befoactmwngerqlmmg@ phct

tabl e, \/Mp,lé md&ﬁuﬁ@%&lﬂ?p?ﬁrﬁéﬁ@ﬁrﬁf{) t%:i,?ﬁ tW? rérxark g? &Yhﬁar@l@: Ihgg

point 5 is t15=100"(nse
total nyORLINAGNE o nit 9 [FDI0( freet)ingapoott 4sin this exa mple) is as shown

15 in the table in the lower part in FIG. 20(a). Further, the mounting
time for the respective mounting points after the interchange of the
mounting point 1 with the mounting point 4 is as shown in the table
in the lower part in FIG. 20(b). That is, FIGS. 21(a) and 21(b) are
diagrams respectively showing the traveling paths before and after

20 the interchange of the mounting points. Here, the interchange of
the mounting point 1 with the mounting point 4 corresponds to the

~interchange of the path from the mounting point 0 to the mounting
point 1 with the path from the mounting point 4 to the mounting
point 5.

26 [0134] When only the mounting time of the portion that affects the
total mounting time is taken into consideration, the mounting time
from the mounting point 0 to the mounting point 1 before the
mounting point interchange is t:=200 (msec) according to the tact
table, while the mounting time from the mounting point 4 to the

30 mounting point 5 is t45=380 (msec) according to the tact table,
Thus, the total mounting time is 580 (msec). On the other hand,

the mounting time from the mounting point 0 to the mounting point
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5 smaller than the value before the nounting point interchange. Mreover,
follow ng the interchange of the nounting point p[1l] with the nounting
point p[4], the values of the elenents p[2] and p[3] |ocated between p[1]
and p[4] are also interchanged as shown in FIG 20(b). That is, the value
of p[2] is changed from2 to 3, while 100 the value of p[3] is changed from
3 to 2. This is because, as shown in FIG 21, when p[1l] and p[4] are

' h , ' ' IS . ' th f 1] t 2], th
ot h 1r oo ftcsf 015 By dph®lhey bt EkRTheRes S e 49 4 mBeci ascoraing "¢

t her ebet peahe HettetaBUENwWHIERhENE Ok i n®i iRgd, in
the 15 above-nentioned c\gl cul ation %riogg'gihrqga(@%&glﬁ??ﬁayﬁz'riigalﬁgbl e,
the tact it Ebitbe r@uftin®edaissumiisgtisS HQ; (MSkaey, acberdiorg itonthvddaet t he

[ ‘atj f ' dd . .aff h in . th
Cotal miadiey AEEePalrthiys the FEA et iRiE ufi6 i RO afS8E Nuhlehriar i 2e
as fal | osmall@O tHam ik byatliowsetbre CHSE WEBHALIBME HUNAD 1hh6raﬁ'¢§gbﬁieon

of the ath is reversed, no change arises in the "hounting tine
mount i ng&&fﬁﬁtv§rrr§¢2“ﬂ@“l]§ i nkekchamaetafethe rhounithag paingsil j with o

cond ti oiire oSty O bUAT, L0k VR BT e BBmenteR 2 shdreldl
shown i nidgaGed2besiveen tplat] smavp[id] &+ alkd( MtefiddGsd aElﬁ%\g%(m shows

r two nounting points are interchanged, t

fyP?ten\tAQte'ran §%r(ﬁvh§“'p at heetiie v lbe ohoérdriamdrvangeppiromni 2tel3, shitdat a
Fesart o ARt L AN ST oi oG 2or gy Sl BRRPHAEY s POBaLai ng
pe it TG 121 e copupaandpint s e s oo pign e
mount i ng SR Lin e RBSAL (g pal hl 40 PL&, baebpate tonipighROSPER] ng a
e 21 ERUEITHLS ) 18 BPATIBSigh e disdthe BB RRY, VB
array pwhenravéld npopenbation  of the path is reversed, in the
15 above-mentioned calculation processing (S1004) for the tact table,
the tact table is acquired assuming tij=t;. Thus, the portion where
the orientation of the path is reversed does not affect the change in
the total mounting time.
[0135] Here, the description in FIG. 21 is summarized as follows.
20 FIG. 21(b) shows the case where even when the orientation of the
path is reversed, no change arises in the mounting time for the
- mounting points making up that path. Further, the final purpose is
to reduce the total mounting time for the closed loop. Thus, as long
| as this condition is satisfied, the mounting order may be changed
25 from that shown in FIG. 21(a) to that shown in FIG. 21(b). Further,
FIG. 21(b) shows that when a particular two mounting points are
interchanged, the orientation of the path needs to be interchanged
appropriately so that a closed loop is formed.
[0136] FIG. 22 is a diagram showing the processing result of the
30 above-mentioned mounting order determination processing
performed by the first component mounting order determining unit

308a. FIG. 22(a) is a diagram showing a mounting order array p
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5 generated in the order of mounting points O, 4, 2, 3, 1, 5, 6 and O,
while the total nmounting tine is 10001001. Here, the total nounting tine
for the closed |oop shown in FIG 21(b) is calculated to be 10001251.

Thus, the total mounting time for the closed loop shown in FIG 22(b) is
smaller. 10 [0137] FIG 23 is a diagramshowi ng the rel ation anong a
nmounti ng order array p and a nounting point information array "Data" which
are shown in FIG 22 and rmounting order. The value of each elenent of

t he rmun@ﬂﬁ'gt'aedmowtl&w Simgofar i thernsouwrdiag peinks. | hllex 22¢b) Hie a
bt ween Ehed (RO, & 251 8ing™Bath, R s PePht sty ot ip et fen ™

array " Dattlal ribbaed eangh Henmerduntinghetinm®ufid niheonbuhtiher b iy, ar r ay

"Data" inpdicated b egch el ement of the nmounting point array p. That is,
the val UBCBOBEINH 0}/0' NendNOURELT f G d&R ArER¥NtP ofa t HEVIRILH i ﬁ@tborlﬁt

Informt%ene@éf@dr Dy @' or%%ﬁgfrﬁeanwydr%te a[,(vj%reéefhé i Ad By Is

performed first us Dat a[ IS in st or'es’ i nforndti on
concer ni W@Itmeth¢)ot0talorm@‘unthegb¢am*m i kil (IIOTM_OCFIJH héferd, heheal et of

1 s the i.ndex for_ an.el enent ,of the nount oint nformatron arra
Phata® EuntiBOrEme e Ytk Alospedeopnehapinin ta G s deb) Jrralcsioted. ot

Thus, Dotab®l 108015 g0 erhy PRt Hots] #hBBNTHENI PR R The LIBSAUTIEN, fo!

the nmounting point 4. nmount 1 ng pol ormation arra S
r ear r ang#ftiowas bl FdﬁitBé(béllBamm‘lletme mounting order array p, except for

obt ddned WS AE S 2318 A ar S BT KaBRIPiG T8 HRIaRRroR MR P Gre BPRPOTt 2 | s
gener at egkddv@brrd P s¥iER Ff%‘rﬁ‘grtl"r‘r%}sb'[&%ﬁggﬁ?ﬁgat%nl 7 R/' MRt W Rich 2, 3.

1 and 5 as shown in FIG 23(c di agram descrl bi ng
anot her &jgh&h@wRgingtifad 24(@) antbumoiumdimpgi ardénf o'll'het vatuarofyeddhat a".

T o ieBP  eof RS BLBUR e B 5 o RS P G
index for the mounting point information array "Data" shown in FIG.
15 23(b). An arrow between the mounting order array p and the
mounting point information array "Data" indicates an element of the
mounting point information array "Data" indicated by each element
of the mounting point array p. That is, the value 0 of p[0] is the
index for an element of the mounting point information array "Data”
20 for the mounting point where the mounting is performed first. Thus,
Data[O] is indicated. Data[O] stores rnformatron concernrng the
position of the board mark 1404. Further, the value 4 of p[1] is the
index for an element of the mounting point information array "Data”
for the mounting point where the mounting is performed second.
25 Thus, Data[4] is indicated. Data[4] stores mounting point
| information for the mounting point 4. When the mounting point
information array "Data” is rearranged based on the values of the
mounting order array p, except for the board mark 1404 and the
| dummy point 1406 from the traveiing path obtained as described
30 here, a mounting point information array "Data" is generated that
indicates mounting in the order of mounting points 4, 2, 3, 1 and 5

as shown in FIG. 23(c).
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5 According to these, the start point of the traveling path is the dumy
point. Thus, a traveling path showmn in FIG 25 is generated. Accordingly,
in this case, a nmounting point information array "Data" as shown in FIG
24(c) is generated by a method simlar to that in FIG 23, and then the
nmounting order in the nounting point io information array "Data" is
changed. As a result, a traveling path shown in FIG 22(c) is generated.
By acqui[éng éh %Q%Ln point information array "Data" in this manner,
conponent@1a8 nt4t IS & Sl gradasss biseheinsg hssi aenerati®g snekkodoar d

mar k 140 | B S ' eri a 15
Convent | oaal Treang pome PRSP IDRe R tholiiobdhen. 1
thi s tab&eray e ghown dol BHE. i 2di{antasd t thee smmlretingnpeint ifbersenood

colum indicatg he nunber of ti ints. The third colum indicates
the nunb@F'df c@f_?éiane QWRedn [Fﬁg]f i&{ﬁ?zgreoﬁfﬁﬁlmﬁ i &t eRet KHVESt: al
mounts NgAELEAEdinh tHS GRSS: ke ak ed 4 cor dance
mﬁthfihe nount“ﬂ% or der dg?gfnéﬁgﬁ§ ggg@ﬂsgﬂ?ﬁgnéfaﬂgﬁﬂngFGPbggygﬁg

al gori t hedyMmhepbinth Teaisyr trandélkiagesatinshtowalinneiGi 25gist gereratétie case

where th ts .ar ted | dance with th ti der 25
obt ai ned G50 LRI Va 10 U S G856 <A MBONAT Y GBSt IRAPERIAHOD R TR hBAtaor t he
present gomHER M FIENE28( & his G BTG i W IRRLE P d o d REFAIEAY @ﬁgtlf%li Z{Fe

t ot al rmuntlng time shown inthe fourth colum relative to t
mount i ngFtGneZghoand nther thet moondimg ohdersévebhe eobumtingdipodhes t he

Pheifos o br R S ERR Y Datan . B6 e A, 8% A atiilh B GHaG ParI
met hod - astsowheinmF e 2 of) W?ﬁ@re%‘?@b,apﬂlieﬁ@éthﬁﬂngtt% %%ﬁ@%@biﬁf the

conponent = -56 cassettes on fhe Z-axis is the same, and condi tion
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I’Sgg‘r“gv'eg;aﬁﬁrr‘d Hith& hBMtiA§H IR AR B Ihe BOL oM AN 13RI es: while

[0139] FIG. 26 is a table showing experimental results of a

15 conventional method and a method according to the present
application.

In this table, the first column indicates the sample number.

The second column indicates the number of mounting points. The

third column indicates the number of component types. The fourth

20 column indicates the total mounting time in the case where the

co_m_po_nents are mounted in accordance with the mounting order

obtained by a conventional method (greedy a!gor'i'i':h'm)'. The fifth

column indicates the total mounting time in the case where the

components are mounted in accordance with the mounting order

25 obtained by using a traveling salesman problem which is the method

of the present application. The sixth column indicates the

percentage of the total mounting time shown in the fourth column

relative to the total mounting time shown in the fifth column. The

seventh column indicates the processing time necessary for

30  acquiring the mounting order according to the method of the present

application. Here, in both the conventional method and the method

of the present application, the arrangement of the component
- 56 - .




5 of 18.2% (sanple E) is obtained at maxi mum Further, the processing tine
necessary for acquiring the nmounting order is less than 1 second for all
sanpl es. [0141] As descri bed above, according to the conmponent nounting
order determ nation processing perfornmed by the first conponent 1o
mounting order determi ning unit 308a, optinal conmponent nounting order can
be determned within a practical tinme. [0142] Although the conponent

mounting order determnation processing performed by the first conponent
nount i ngtafraettessencthe i raxianist throsarmeas dnedheree thieedongitiont He theoi nt

this 15 Sing. i imted to that described above. [0143] For
exanpl e,Sgﬁp‘gﬁz&ge?%Fﬁi%ﬁ:%n nmet hod for the conponent nounting order

shown i n[GL&0]1Acddreingi tbakher angdidge it iraticcsiowed iGSIPR6 dirtkl G

13) by rea[rangi ng the nountin Eoi nt informati on array 1307a into
descendi f§ Wﬂbrtr@V@H@ﬁ%&@@égﬁ 80 %rfored saeapleg uwd i Impsoxenapte
(ascendi dep, Of \Y I : v Lniti raveldng path
may g)e a?:gu?rgég /By(?hgﬁ%llrege Y%I ggi%%enqb\‘?@l Zﬁg)ﬁge@] srhUp trﬁherti—'u Sehﬂﬁgnt

det er m nproomssiprptiEaei ngcéssarpeoroapqnanhgnthe trnow ningromde f of medsi n
accordance with a tr ﬁel [ qﬁésale man probl em 25 [0144] Further, in the
above- ne @'aneéeé:@rﬂﬁ Bhta!hB@RRPIRP-or der determi nation processing, the

ooy Sl LTRs e LAebgn, L08R 1oTARE CRba BN bup g
durmy pobrder THe rmein dito pr pro desisimepper fpraved dsyrithed fostposetpoment i ng
ol 1D 1ABEURY"ge 9 IFRe SER DUBIMG orinkis 4 08cbdePBLiMAbd CORpARATL
oL DTRANINSESef e LRTASSEPRIALG LAUERL BlalHERL b1 Sl TUT e
execut i Nd 142] cditfomegh rbentdovn poment dedentinmat opdepr de¢ssimigagomn t he
operati np?rc%cie”s?silr"n%du&ieﬁ%rmed by the first component mounting order
determining unit 308a has been described up to this point, this
15  processing is not limited to that described above,
[0143] For example, in the determination method for the component
mounting order shown in FIG. 13, the initial traveling path is
acquired (S1006 in FIG. 13) by rearranging the mounting point
information array 1307a into descending order of the transportation
20 speed values of the XY table (ascending order of the level values).
However, the initial traveling path may be acquired by the greedy
algorithm. This s”pmeeds up the 'subSequent determination
processing for the component mounting order performed in
accordance with a traveling salesman problem.
25 [0144] Further, in the above-mentioned component mounting order
determination processing, the dummy point 1406 is provided near
the board mark 1404. However, the dummy point 1406 need not be
provided near the board mark 1404. That is, the dummy point
1406 may be provided near a predetermined component mounting
30 point where the component is mounted first.
- [0145] Further, the dummy point 1406 may be at the same position

as a predetermined component mounting point where the
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5 apparatus 300 in FIG 2, only the conponent nounting order determ nation
processing perfornmed by the first conponent nounting order determ ning
unit 308a is exclusively executed. [0147] FIG 27 is an external

appear ance view of a conponent nounting system having this configuration.
10 The conponent nounting systemis a systemthat determi nes a nounting
order for conponents onto a board and that nounts the conponents onto the
board in accordance with the determ ned nounting order. The conponent
nmount i ngcsyspeneintdsuchesuated dimedinent nounter 1010 and a component nounti ng

d 1 t 1 nj t J1300. [0148] FIG .. 28 is f I [, bl k
I T T L o R S M R S
appar at Up)addepc QPRPR N g "BHAL b&@&&ﬁg ?ﬁ‘% eé@wd}geﬁt)w&mﬁgyg@geh—s a

conputer for determ ning nounting or conmponents onto oard,
and i ncl determinatiarhngrocessingol asiniin 1303, opatiadpray time tradacimg i nput

unit 1303, a nor I & 1?@& comf)on nt _nounting,order determnm nation
progrlam QPBPirﬁguﬁnﬁtolﬁl]S%, 'cgnnﬁﬂi atMon PP PDRTEr ARG ¢ 0{@@6 and a
dat abasequpétmid8¥ion [Ws@hﬁ%coﬁéﬁﬂﬁ%eﬂwﬂﬁ/i NEh O RFstdeE 8 HhEAL

apparatus 1300 25 is inplenmented by a general -purpose conputer system such
as a pefmsohatingoapdesrdetenmbxagiuedt 8 tBapsrextlusbvaly sxeauded.

det-er m nat | ra L S connected to.the conponent _nounter
To10, t N0 LA R IR g e A bR r N RL TR Rl H5CC APl aPLea 1 SO0 RAPEBE &l o
as a st apfhEng S tent AbViAgtenls EORfigRlatRIONent mounting order
determ pation). [0150] The arithnmetic control unit 1301 is a CPU (Central

Prodéssing UnTh§ campomnaniceownbitessystemdis asygtesn thatrdejpmenes an -
P8 oS BRSSPt EonEa bR ok, b By F s Rl b L, 1o0?
progr am s¢wrpdvge s toABOStI @ bb@reenar ¥ cebrahded withndhexefatiedmired Then,
i n accordance with the execution result, the
mounting order. The component mounting system includes a
component mounter 1010 and a component mounting order
15 determining apparatus 1300.
[0148] FIG. 28 is a functional block diagram showing a configuration
of a component mounting order determining apparatus.
The component mounting order determining apparatus 1300
is a computer for determining mounting order for components onto
20 a board, and includes an arithmetic control unit 1301, a display unit
771302, an input unit 1303, a memory unit 1304, a component
mounting ”c.J.r.der deterrhihation program storing unit 1305, a
communication I/F (interface} unit 1306 and a database unit 1307.
[0149] The component mounting order determining apparatus 1300
256 is implemented by a general-purpose computer system such as a
personal computer that executes a component mounting order
determination program. In a state not connected to the component
mounter 1010, the component mounting order determining
apparatus 1300 serves also as a stand-alone simulator (a tool for
30 component mounting order determination).
[0150] The arithmetic control unit 1301 is a CPU (Central Processing

Unit), a numerical processor and the like. In response to an
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5 arithmetic control unit 1301 controls individual units 1302 to 1307.
[0151] The display unit 1302 is a CRT (Cathode-Ray Tube), an LCD (Liquid
Crystal Display) or the like, while the input unit 1303 is a keyboard, a
nmouse and the |ike. These units are used for interactive operation or the
| i ke between the conmponent nmounting to order determ ning apparatus 1300 and
an operator, under the control of the arithnetic control unit 1301. [0152]
The communication I/F unit 1306 is a LAN (Local Area Network) adapter or

t he |i ke nabdigtéondedn dhecosmuar thei lbke atlde taréthindtéc benwesinu h el 3grponent

ti det 1_ni t 15 1300 dth 1 t
1010, TrdSRERPy Rt sBsb AT B8 e ool n AERAZCRENBIGYNDNG: R deTce

that prodetesnsinedikh i) ' i ' ' 04 0153]
The dat abase unint 1309%95% ha%gfréf@?'?ﬁa%b%?‘gs@@’;%&@"n%P?%%{ut dat a

used for afbexespdasrt. ndien nin acgordapeedetith rhraexeou tivocessi itg the )
f ) : i der_ deter.ni ni.ng . 0

et e T ar et LARPSHL pi 3 doPieels, (T Ridat it IrT G dR 130 | &4

1307b) ; £0d StiHeTheodnsflay anden 30w 1§Wr(t8at%%$cﬁéma”sﬁ¢lm@t ha%? gﬁtgg%em

mounting order determnation §>rocessi r]g. 25 [0154] The progr m's I n
the conpbhEHidnbiNetal seday) dut &hai hkej omhpeotinanirgiudr umgt dBO3 13058 i s a

': t coentj oned first t ti d
et or m niRgPoEE “Soahoneh RLCIE SI& he TheSmet PEScot onSaH Hor301.
Thus, whererblotivir egrermation execheefkBybéhw cir %H@ébﬁpﬁ@ﬂéﬁ@'m%@ﬁtiﬁém’ 30

pr.ocessi ng sim/lar tg that of the above-nentioned first conponent unti ng
or de¥0 dePEHGT nABEELMINIBO8a PRaTasuspdr3 @0 nedd [ @ansspetetor, tederr the

ooy st L o8 plFERE R AhABIIAE 1380 g order t n he-cane where
the conpp@ebR |ndive exorbihQnisatibn rigFanhit yRsodioweer.ANheLBEAFERFEAT
e o e BT dadpter SYRRE, Thd'ld 1l for communitaton and the  °
like between the component mounting order determining apparatus
16 1300 and the component mounter 1010. The memory unit 1304 is
a RAM (Random Access Memory) or the like that provides a working
area for the arithmetic control unit 1301.
[0153] The database unit 1307 is a hard disk that stores, for
example: input data used for the component mounting order
20 determination processing performed by the component mounting
__c_:_)rder determining apparatus 1300 (such as the mounting point
information array 1307a and the convel;éioﬂn" fable 13075); énd the
mounting order for components determined by the component
mounting order determination processing.

- 25 [0154] The program stored in the component mounting order
determination program storing unit 1305 is a program that serves as
the above-mentioned first component mounting order determining
unit 308a when executed by the arithmetic control unit 1301. Thus,
when the program is executed by the arithmetic control unit 1301,

30 processing similar to that of the above-mentioned first component
" mounting order determining unit 308a can be performed.

[0155] Here, the first component mounting order determining unit
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5 to a conmponent nmounter referred to as a radial conponent inserter.
[0156] FIG 29 is an external appearance view showi ng an exenplary
configuration of a conponent nmounter referred to as a radial conmponent
inserter. The conponent nounter 1500 is a so-called radial conponent
inserter in which the |eads of a radial to conponent are inserted into

t hrough holes in the board so that the radial conponent is nounted onto
the board. [0157] The conponent nounter 1500 includes a conponent supply
uni t 151808 d@peesiermeshtheraptimizaition jrocesshegdol53te camponent

i QR- ! bl d .
1611 foRep ARG B5Fer i ¥hg 856 bR EHR 2PIPeRE e Cund it B 68 of
confi gur abtary otypeconpuwelerputi€r pkol8ssihe pefonaRld Sb'?pg?iglurﬁrrstlf’lo

stores a BI urality of radial conponents and transfers the ra
conponenf8MBONEEtIRIIHARE OndER datepprining wnitt3G820is applicamperadat

qur oy 185 SonORErif S TRARTIEA Ry 5nd 54U, AafnnBeRs ipdertér
housi ng [@B156]51HIGoUREs & phur abitierrefl pAskeardRdda sagh SBbWIRG asn

conponent S%ﬁ[ﬁ‘ rrearr\%_that _packs a group 25 of radial conponents C of the
same ki n@Xe %’ryoﬁﬁ‘ foyahian ebERdmPenendt mawntanwekened $oapsaaged i n

one row i -he : at c ti d 1511a
packs  ngiace8mBoneit iRPErr R Tk colREEL HRRG BB a c 1 n
a fol dedsostaiied Gdia0160Mn pidree otiiideeri@Aanguitiiehi the lehriLaFsat tsdibp13 the
conpaonent a extracted fromthe pack 1511a of the conponent housing

uni t19 15C1fi*?"t e?%i@l"]e Wﬁerc,tﬁgsmttcbtﬁfﬂpggé’xh?é@ﬁ éntthe bomsdnsatthatpthe from
o oL ey BB U B 570, P2 L™ s
conponer(i012p¢ The adrepcnerst deounbdr tiBdehnchedesas edrhpenent supply
unit 1510, a component transporting unit 1520, a head 1530, a
transportation loader 1540, an XY table 1550 and two IC tag readers
15 1611.
[0158] FIG. 30 is a diagram conceptually showing the main
configuration of a component mounter 1500.
The component supply unit 1510 stores a plurality of radial
components and transfers the radial components to the component
20 transporting unit 1520. The component supply unit 1510 includes a
component housing unit 1511, a plurality of guides 1512 and a
”plurality of cassettes 1513. ) -
[0159] The component housing unit 1511 houses a plurality of packs
1511a each serving as component supply means that packs a group
25 of radial components C of the same kind. The group of radial
components C of the same kind is arranged in one row and held on
onetape. Thatis, the above-mentioned pack 1511a packs the tape
(component tape) t that holds these radial components Cin a folded
state.
30 [0160] The guides 1512 guide into the cassette 1513 the component
tape t extracted from the pack 1511a of the component housing unit

1511.
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5 plurality of radial conponents C held on the conponent tape t so as to
supply themto the conponent transporting unit 1520 [0162] The conponent
transporting unit 1520 transports to the head 1530 the radi al conponents C
supplied fromthe cassette 1513. The conponent transporting unit 1520

I ncludes three pulleys 1521, io a conveyor belt 1522, a plurality of chuck
hol ding units 1523, and a drive nechani sm (not shown) that rotates the
pul | eys 1521, H9163] The conveyor belt 1522 is formed, for exanple, from
synt het i d &1zl h Tihe Sassette a5 i Baprtracts toench mpormeh mebekyt iffo the

' I | | 521. Th pelt 1522 15
round by THE rorat Poftl of ShEORIpFER BOUSip@1BaTC HELB) urar pproprERuck
hol di ng woNtsn 628 Peednid asperationt. heTheanv @rcé%%%té%% AR et ely
grip

regular intervals with each other, and hold e radial conpornients
C. [0165FUPAPt&f §oFBRpBRattanaksppthe dip side, a6adthareby adpalratas the

ki 2 te 1513 held by the chuck hol di
ni Ts 159 b PR v al SBm 0BRSS el oR ol € reMBanknt Bstmbrihes C ar e
sequent i &blsupphnshent ¢d fhondmeorassetigndSdRinbouhhe1iieay 1530. [0166]
r

As shown Q&' FIGT29, the transportation |oader 1540 carries 25 in a board
B to thelX¥OZbiTha spmpenenerrenepqising und HdR@ Bansportshitohthe

To0b [ ohEa Y B3Ol ERH It 86t S e S BRE o R e RSBt S
di r ect i ohbicatompomenbtvahsporsind asat 130 Thachedss %ﬁ?}@e%ﬂHb?@ﬂ 8994 h.h?' ds

the. radial conponent ansported by the conponent transporting uni
1520t anfl GHEV Y%Q@E%ﬁﬁx 8dp bl radgivpdhehuskcheding baitmas® B phdcad on

g N N R P T
i nf or mat [ @h68gofhhehecoBvesgritikib Atz hpg formeegh packekakdple, from
synthetic resin in an annular shape, and wound approximately in a
triangular shape by the three pulleys 1521. The conveyor belt 1522
15 goes round by the rotation of the pulleys 1521,
[0164] The plurality of chuck holding units 1523 are attached to the
conveyor belt 1522 at approximately regular intervals with each
other, and hold (grip) the radial components C.
[G165] In this component transporting unit 1520, the radial
20 components C supplied from the cassette 1513 are heid by the chuck
| .h.c_)lding units 1523 of the conveyor belt 1522, and then the radial
components C are sequen'tié'lll'y tfansportéd from the cassette 1513
to the head 1530.
[0166] As shown in FIG. 29, the transportation loader 1540 carries
256 in a board B to the XY table 1550 and then transports the board B
onto which components have been mounted, to the outside of the
- component mounter 1500. '
[0167] The XY table 1550 moves the board B in the two-dimensional
directions along the mounting surface.
30 The head 1530 acquires and hoids the radial components C
transported by the component transporting unit 1520, and then

mounts the radial components C onto the board B placed on the XY
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5 Further, a signal outputted fromeach IC tag 1511b is acquired by the
two IC tag readers 1611 arranged at nmutually different positions. Thus,
the position of each IC tag 1511b is identified based on the acquired
signal. That is, since each ICtag 1511b is attached to each pack 1511a,
the position (Z-nunmber "Z1, 72, ...") of each pack 10 1511a is identified.
[0169] Further, the processing perfornmed by the first conponent nounting
order determning unit 308a is applicable also to a conmponent nounter
referredt@Q“%§fﬁg?unper i nserting machine that inserts a junmper conponent

onto a bear r ' hnse t inserts .axj,al comonent.
D0170) [RBA%ES The SrbAc avtaddely dat bavsr artartall it i B BSREN
conponenhaousinger umibt r di3tet, byahde seadrd ¢or@CRRYCcribBYNt cBeh PHARHL _
determ ning uni g 308b is %cogponent mounter 2100 of nodul ar t Ee shown in
FIG 1. YyQranaeerefeensine 1§ pranlpildh siearhgd ke @ach @aﬁkig ddei.on of

conveyor TSTinER 8 Siarel BUEEREN Hol? b TCCRAT LRTIH e gy ©
conveyer fhedwe davieng ngadecsrip®herdrraextadiat ed utuayad Iff@béﬁﬂlgﬁb}’t_i@ﬁét

2117, to ' e picked up

% pre eterm_g,ed pgsi ti on 25 where the conponent can
by a head 1 ANe\ RRsIbGN oft gerBnl G teg 1S bl b db| Wentifieid: haskshgeabne

nozzl es | t I QUS-; t{SI I 2] _Two
Commonens CAURRRPIGRG . | IIAY T8 SIG0RPEAER! 1C T F5T1BLRS HratRnto 21 0
(or 2120%ashepackdrigkiiay ébpepobittdy (2 tlebefo"ZitglR2 and)l of eaeh Back

conpaonent _r,ecoqgnitiopn. camera 2116. Thus, after picking up conponents at the
conﬂ%neniSQM%/'@ﬂpg'fﬁan or 2115b, the head 2112 passes the conponent

recogni tf@n 2 (ﬂd’@ﬁ : (oTHi g hai t he
board 2020 ggqggﬂﬁﬁhoeﬁe%%%tléq e O%Q%P{%ﬁsﬁ?“eﬁ%u i%gfdstﬂp?@ﬁ{e@ﬁ%m
conponent®uridggeraridan ydeteataming point308ef d5s dpplicaoler dhlsat ecgpaa Nt on

the  Doa g R te Nl T8 uh P R a ¥5 Y5 % JenTRer R 2erAng Mesirs Shat
Inserts a jumper component onto a board or an axial inserter that
15 inserts an axial component,.
[0170] [Second Component Mounting Order Determining Unit 308b]
The component mounter controiled by the second component
'mounting order determining unit 308b is a component mounter
2100 of modular type shown in FIG. 1.
20 [0171] FIG. 31 is a plan view showing the main configuration of a
| component mounter 2100 according to the present ihvention.
A shuttle ctheYdr 2118 is a transportatio'n' ‘table (a
component transportation conveyer) for conveying a component
~extracted from a tray supply unit 2117, to a predetermined position
25 where the component can be picked up by a head 2112. A nozzle
station 2119 is a table on which changeable nozzles corresponding
‘to various component sizes are placed.
[0172] Two component supply units 2115a and 2115b that make up
a sub-equipment 2110 (or 2120) are arranged respectively in the
30 right and left of a component recognition camera 2116. Thus, after
picking up components at the component supply unit 2115a or

2115b, the head 2112 passes the component recognition camera
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5 cases where conponents of the sane conponent type can be nopunted at
mutual ly different nounting points. The total nunber of conponents
(mounting points) arranged on each conponent tape corresponding to the
sanme conponent type is equal to the nunber of conponents of that conponent
type (the total nunmber of 1o conponents to be nounted). [0173] Here, one
Iteration (pickup, transportation and nounting) of the repeated series of
operations conposed of pickup, transportation and nounting of the

conponenid Igeehnar tieein by ovies tdhbael RoLAting pinés mdtineebygaad @OPOENasgr oup
iteration of. operations is referred to as a

to be nouynte 15, thi s one.

Dacke T Féagt e dhstiion oR o bR Rkt F ' Bikedcep ERE RARERSE
nunber of S MR ' i ' 0 it ~ i pY

Goscr| bogC HOTRIEYS saerouaand oIt Aerets te0a CBERYInGRE poMCEINtNE . (he
head 211boBé&gi 28 2(bwheke @ conepesapdnenos ldihié Imaontkd, tame threaie she head

compdnentaogse M eREcofiRGRERES °of cthe  SAne hrbiRpREstoty o saTbb8r
| over i ngrregint@d At en 9BeaRY | @iffer@intt hfoBABhE bahts! h?f@%@tmhﬁh%?iaggd -

conmponents are picked up by nultiple iterations of pickup I's inc
t he defi@f epsapopeteirapuntingIwindsh archaged ondeagh o poniend: papét i onal

o an ope? HEIHAME $P e SauBce SriRIRRRE Ry b R By T e OmBAT, o
whi ch a gRxtonmpohenhes l@ifclthmn@mhfa%r@ri@atw@_ peneatbeshedunfbef haf tine,

conponents can be picked up 30 sinultaneously (in one iteration of a
| owdli nCAMPIREBERFOoBErAMAWMEd X.r om each of a maxi num of ten conponent

“eingl o TOEZ3E ety ghe ik Ratioh CRERIIELHRN SR aGH A kSO Rt B onent
cassett et 14repbatedd tserdss a ofloubperadraftd t eConip®sa&@nperenpickapes are

| oaded. Further, the Ser%gii ng position of a component cassette 2114 (or a
conponer ANFHOrtPEIGTh@ NG FHesEing phtheugpmponents performed by the

head 2112, or alternatively a component group to be mounted by

15 this one iteration of operations is referred to as a "task". For
example, when a ten-nozzle head is employed, the maximum
number of components mounted in one task is 10. Here, the
"pickup” described here includes the entire pickup operation from
the time that the head 2112 begins to pick up the components until

20 the time that the head 2112 transports them. For example, in

__ad__di_i_:ion to the case where ten components are picked up in one
iteration of pickup '(c'me iteration of a lowering an'dmréi'é'ing operation
of the head 2112), the case where ten components are picked up by
multipte iterations of pickup is included in the definition.

25 [0174] FIG. 32 is a schematic diagram showing positional relation
between a head 2112 and a component cassette 2114. The head
2112 is an operation head of a type referred to as a "gang pickup
method”, to which a maximum of ten pickup nozzles 2112a can be
attached. At that time, components can be picked up

30 simultaneously (in one iteration of a lowering and raising operation)
from each of a maximum of ten component cassettes 2114,

[0175] Here, in a component cassette 2114 referred to as a "single
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5 2115a or 2115b is referred to as the "value on the Z-axis" or the
"position (Z-nunber) on the Z-axis". As the Z-nunbers, consecutive nunbers

are used in which the leftnost end of the conponent supply unit 2115a is
assigned to "Z1". The "Z-axis" indicates a coordinate axis that identifies
the arrangement position io (setting position) of a conponent cassette 2114
set up in each conponent nounter (sub-equipnent, in the case where
sub-equi prent is included). [0176] The component nounting order

det er m n&EiséEtpe 'oc esud r@m@xmmectatp:se tibelcagodg whileonens oownbbAgner der
onent nounting order

d I b el Th
ot or mi nEBUSHCES AbL4T VR SSBELES 5 1 KD W RAZE8HFunchIO FBUAPPRGNGY der
det er mi nikapedniare30Shdéa. al F@ﬁthélhetﬁé‘?%eeﬁ?néhﬁosﬁ‘?ﬁﬂoﬂ?né EBH%bﬂgn:frder

det ernmi nat1 on processing executed’ by conponent ~nounti ng “order
det er ni nFA§SBRta 230kh.(0Z0a Howepenent tapedlia tid fcempbnferctnsubply unit

b t 2 d f t t t
From & he dutl 1 2ot 151 afsr Rl ot e il Prohene Bgisd on a”§e7]
That is, "pbsmtronnt%mg]@mmeﬁ) j olns @ﬁgw zegxp_;y the ”t‘ﬁ"é ng. rﬁmg

ce etweén the

25 t; J—txygAx y') =max{Ix";-x"jl, 1y j-yjl di stan
cor r ect eBONEBGHEIVRY fb‘d)n'thEI’S e tUseddnr aehidh rt‘hlenﬂeftgnpstnEm:i ofi tie board

rooor di neoliPef¥nt Supbfy A ROpRISE SR ASPeN B8 21T e T e
mount i ngiricates"a icefoetindte axX18itHat M@ﬁﬁﬁb@etﬂ’@%‘i*réﬁge%e%@??odér%ldr?cat ed

when the, conponent is -64 nounted at the nounting pol escri bed
| at &0, |Gswlrﬂﬁep%rﬁonbo@ftamecorm@@enédcaﬁmttengmoq sef "up [PLEHcHFI G

) eI RAL, I aunERE, 2P AR e 8% SRS @
sub-equipment is included).
[0176] The component mounting order determination processing
executed by the second component mounting order determining unit
15 308b is described below. The component mounting order
determination processing executed by the second component
mounting order determining unit 308b is almost the same as the
component mounting order determination processing executed by
the first component mounting order determining unit 308a.
20 However, a formuia different from the above-mentioned Formula (2)
is used for acquiring the mounting time'tij from the mounting point
i to the 'mmo'unting pOi.l;lt.j on the board. ) | |
[0177] That is, the mounting time ti; iIs acquired by the foliowing
Formula (4).
25 ty=txy (AX'y") (4)
AX'y'=max{|x'i-x';|,]y"i-y'j| }: distance between the corrected
~mounting point i and the corrected mounting point j on the board
2020, and
txy(AX'y'): value obtained by converting Ax'y' into time
30 according to the conversion table 1307b.
[0178] Here, the "corrected mounting point i" refers to a point

where the head center 2502 is located when the component is
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51n order to sinplify the follow ng description, the nunber of pickup
nozzles 2112a is assuned to be four. Nozzle nunbers 1 to 4 are assigned to
t he pi ckup nozzles 2112a. Further, the center of the four pickup nozzles
2112a is located at the head center 2502. As shown in FIG 33(a), the
first pickup nozzle 2112a is offset to the left io fromthe head center
2502 by 30 in the x-coordinate. Simlarly, the second pickup nozzle 2112a
is offset to the left fromthe head center 2502 by 10 in the x-coordinate.
Furt her, Fﬂh‘émttﬁdralt &he Mg idogt ol kap deszritee@1aPar.ar & of tisetsafrmem t he

head ht 10 .and, 30, t ly, th
xegoo(r:glnafgf t% %%ﬁf%%dﬂ'ﬁgugﬁl % Po! apdgr am ;ﬁz\?\ﬁe?}gl \z;ﬁ gxalmgl e gf a board
2020. | t[0|1§9a]ssme@3(faa)tnsta\laiubgaéﬂn Wré%e%ﬂp?l%@dv?é\ﬁédafrrﬁrﬁ %geg?%nhrt he

board 202Q jin advance whi | e four nmount |aﬂg1 poi nts (nmounting point ough
mount i ng FR&i-n834h) ds & dipgram pfdheldeath 2hk2 buemed fFoen fthier bobtowni. ng

b d by th
rount &r 0.8 Eo MBS UE TR Bl MG d e SheG0mmct i S sdhier S PRCBaBS | s
acqui rednozztés bbaPd i ecedimhabnth GTFH r( ”‘No?ﬂ@""ﬂhrﬁb@}‘ dﬁq:o' a hpg head

2112 for the garpose of p05|t|on| ng of the board 2020, so that their
posi t i on§SgleNed deydhiez pickuprBozzles 2 lasdaned witthert ﬂihepoenteomfothe he

204 i o TSUEDIERDR hazERECUH £54. g forastd bF e bR, Celer 2500 RS poi n s
are as sbbwwn n FI6.F3 5. tH@flrngn@lk@ ﬁdﬁlé@f[ﬂ?%ﬁfse‘éffgétftbethe”@f@“ ng

| n addi tion, hypot heti cal poi nt

oint 1 a 100, 100) . [0181
Pef e]rored g@'%?’&éﬁn%n%r &[Qﬂ 2’4@@lnstfm6v¢@l@ddmatsa deSimélardpr the020.

componertcapaicA Nzl 5'1$Zii%siﬁ?%ﬂ@ﬁeﬁﬁquﬁgﬁ%%e%rcfﬁ' hiées |

center oR58Zpbyr a0i try thie xenpOﬂ&h‘tat(EaSSEtlt‘ﬁfFeﬁjﬂf?e 'thl?d‘%ﬁ@%?ﬁhrtﬁ‘lppl y
uni t 2115a or 211%23 gg when ni ne conponent cassettes 2114 are
enpl oyedP{KURiOZZRy 1a?r5é aqu @f@$et fremdtheyhepd sentea062b82ptovituad at

the compagertby UAPlah PRI R8s PECENRIY, in the x-coordinate. .

15 [0180] FIG. 34 is a diagram showing an example of a board 2020.
It is assumed that two board marks 2402 and 2404 are formed on
the board 2020 in advance while four mounting points (mounting
point 1 through mounting point 4) are further provided on the board.
The four mounting points are points where components are to be

20 mounted by the component mounter 2010. An image of the board

lmark 2402 and the board mark 2404 lS acqwred by the board
recognlzmg camera (not shown) prowded in the head 2112 for the
purpose of positioning of the board 2020, so that their positions are
recognized. Here, it is assumed that the position of the board mark

25 2402 is recognized first while the position of the board mark 2404 is
recognized next. Here, the coordinates of the four mounting points
are as shown in the figure. For example, the coordinates of the

~mounting point 1 are (x,y)=(100,100).
[0181] In addition, a hypothetical point referred to as a dummy

30 point 2406 is provided outside the bhoard 2020. Specifically, as
shown in FIG. 35, the dummy point 2406 is provided at the

component supply opening of the component cassette located in the
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5 conponent cassette 2114 having a Z-axis value of 5. [0182] Here, in the
processi ng perfornmed by the second conponent nounting order determ ning
unit 308b, the dummy point 2406 is adopted as the start point and the end
poi nt when the conmponent nounting order determ nation problemis nodel ed
in the formof a to closed circuit, which is an internediate point on the
closed circuit. Here, the nounting order determ nation problem nodeled in
the formof a closed circuit is equivalent to a traveling sal esman

probl em CEOigBlOfR @luzality of wmmshmssgtbes daivplie thfe aonqmoneng poi nt

15 infor roce55|n |n contr.ast to

nount i nggg%)pg? lﬁlﬁ taér}éta“?%%’r ?ﬁﬁeo%& s?ﬁﬁaﬂq FYV@erid"nﬁoFﬂn?Wfénegltart
poi nt anda@bet@nizummrare@mov@unezw"@watue%@énﬂtb@) AfHa@Yurhglya are
assigned to the dummy point. Further, the mounting point’informatioh is

di fferenPOﬂ%nZiiﬂét !%Hamvnd@chact the. compo.nentzeumdyrro@@mmg pbi the
coor df nat SBFAEHEhe e 2 R ALORG 2 il AR e wni ch 1o the

coor a m)un I ng po

nurrber o[OllBQ]leekepllehel proé’é&iﬁ g pai-forraes! bp ﬂH@sé@ﬁﬁ@n@@hﬁﬁ@n@ﬁt
rmunt ed at the nountjng X' -coordi nate" and
"y -coorm%@@n%lﬁrﬁe&ege@r%nt@@r’éBttl B3§&he the- Gumm)haif@ntaaéotﬁ'ues

A & 0gn datpEeabas Bt Pe pdifE NG YR I RUBERHRIERE EdtifonbRES4]

FIG 37 I'agram describing a ¢

"X - coormcmmahgaoddar dét@@nrrmmaheproﬁﬁemh@mbdelé@ ihi 91 €ortrhef a
conponents to, be myunt ed t he nDuntlna points 1, 2, 3 and 4 are 30 picked

up BY t heosieck G bz meaic 1!@@%5%3@1@ éal‘rﬂ)pgratrﬁmﬁ@@cmseq cimcuitd 3. As

of feet rherte % BRiAH Braar S in BBt Mot dm Rl I hd o ne
coor di naficesn obft e atosedi rgrowitnis 2eguévalenty) = 150tihM@lingheatosmdmat es

(x",y") of the head center 2502 at the tine of nmounting at the nounting
poi nt 2 P'OPIefBo(=150+30), 150). As such, the "x'-coordinate” and the

[0183] FIG. 36 is a diagram showing an example of a mounting point

15 information array 1307a. In this processing, in contrast to the

mounting point information array 1307a shown in FIG. 10, both the

start point and the end point in the mounting point information array

1307a are assigned to the dummy point. Further, the mounting

point information is different from that shown in FIG. 10. That is,

20 the mounting point information includes: an "x-coordinate" and a

| y coordrnate" which are the coordmates of a mounting point; a

plckup nozzle humber" which is the number of the pickup nozzle

2112a that picks up the component to be mounted at the mounting

point; and an "x'-coordinate" and a "y'-coordinate” obtained by

25  correcting the "x-coordinate” and the "y-coordinate”" based on the
~position of the pickup nozzle 2112a.

- [0184] FIG. 37 is a diagram describing a calculation method for an

"x'-coordinate” and a "y'-coordinate”, As shown in the figure, the

components to be mounted at the mounting points 1, 2, 3 and 4 are

30 picked up by the pickup nozzles 2112a having the nozzle numbers 2,

1, 4 and 3. As shown in FIG. 33, the pickup nozzle 2112a having

the nozzle number 1 is offset to the left from the head center 2502
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5 "y'-coordinate" indicate the coordi nates of the head center 2502 at the
time of conmponent nounting. [0185] FIG 38 is a flow chart of processing
executed by the second conponent nounting order determ ning unit 308b. The
optim zation data readi ng processing (S1002) is simlar io to the

processi ng executed by the first conmponent nounting order determning unit
308a. The second conponent nounting order determning unit 308b converts

the read-out nounting point coordinates of the nmounting point information
array 130Ya39nt dhus, rithestghiithgt eoandinates obdhei maentingdpetnt Rearabove

S2002) . 0 d ' X! | nat d.y - di pat f
the  mbulitig por e ana LB cOdnaTes Cr v neSh e R thrc2 S2cnE™ © ©
conponenth@ouriingg oofler deuLdtiidi natuni thS08kneaner eSgﬁbihact-ztabé e as
shown in Eé& 5 é)522)3431. The subsequent processing 3';]51?&\6 to 51018) is
sinmlar & (1?11& £ 889y hgOdxecufed BYChhether six'200@ it addntthey order
det I v Ly i i) . i Qt ' t h :
(0167 WonCPREHITRRE: Inditete dHe ot ifiates SR end FesBFran 62 dfpanent
mount i ngthe deme of acenpporeeTit mmwntierg.of nmodul ar type can be determ ned.
Thi t] ti in th t 25 ter. [0188] Here, in
(he abovid) TRt e Basrodlowecaigun HOFRESIng exaaiedy bysths sekond

| - fixed i d .
The T ol 1 he et hOBpl f iR o aLeeraia T M A08E0 erns for the

conponent s helThéwpitimipaticm ditanoeatdesg 23ddeesyiagp(Spae), iartdniihan a

conponent e pattern is adopted that has the smaller nounting tine for
theleon{}G’nbﬁgsp'poﬁ%ﬁ%Q]g ﬁ(gcu§8di By the dWstnee MRAN R beresNtiN@xeisdRed by

rpsnc e HMAPIGN: SR | The Stodal A ABo odRERg, Midee

group tideteraribEngp onét t A6BbH( 52d02Erts Thieedateardvionat i mouwtingd point he

conponer&tooq_rqugtgwsayoerhg mounting point information array 1307a into an
X'-coordinate and a y'-coordinate as described above (S2002).

15 [0186] Based on the obtained x'-coordinate and y'-coordinate of the
mounting point and the coordinate of the dummy point, the second
component mounting order determining unit 308b generates a tact
table as shown in FIG. 15 (52004). The subsequent processing
(51006 to S1018) is similar to the processing executed by the first

20 component mounting order determining unit 308a. Thus, detailed
description is not repeated here.

[0187] When the above-mentioned procés'sing is performe”d', optimal
component mounting order in a component mounter of modular type
can be determined. This reduces operating time in the component

25 mounter.

[0188] Here, in the above-mentioned method, as shown in FIG. 37,
the types of the components held by the pickup nozzles 2112a have
been fixed in advance. In the following example, two kinds of
component type patterns for the components held by the pickup

30 nozzles 2112a are prepared, and then a component type pattern is

adopted that has the smaller mounting time for the components.

[0189] FIG. 39 is a flow chart of processing executed by the second
-67 - . .




5 nmethod of selecting a conponent one by one starting with a conponent of
whi ch the nunber to be nounted is greatest. For exanple, in the case of a
nunber hi stogram shown in FIG 40(a), conmponent A through conmponent D
havi ng the greater to-be-nounted nunbers are adopted as a conponent group
o contained in one task. [0190] Then, the second conponent nounting order
determning unit 308b determ nes pickup nozzle nunbers for the conponents
in a priority-to-pickup manner (52104). That is, the nozzle nunbers are
det er m ne@nspeReas meurnting crdenhdedenpunéng whick3P8bi.ne. 15 For exanpl e,

h i e j,n th
order of componlfRneEOf BRFRY o GRTEE 4tk bt cRiflify NP E0ER o)
the ti medéoeriheesoapeneipoméskuprdisp that mg@dsmsnohbeta@mmnotzg«.ei S

pi cked up, by the pickup nozzle 2112a having the nozzle nunber 1,
conponent N8 idetgirBkia@tign pnethedefor ciip eRMENent 2aradp; Mavhdencrzl e

nunber 2 onpo L C ' Y, e C e 2 Vi ng
t he %ozzlineéﬂri:ﬁ)r%e& ggfge%g% hg %%@g)e%% ?égpi@ke@gpggéﬂlﬁg é’g’@%u}anozzl e
2112a  heemyphdat oz wikichuther nbimbe9id bdenodrasel iongEdEt csporent

pi ckup pattern in a 25 gri ority-tcl%Bi ckup manner obtai ned by the

processi f§2BIPIE21i0uthe casevpl ennEIDenotisfogram sheoMa BbmdeneAl(Adunti ng

order . | i URi t rf L zat i rqcessi ng
corrponegtfeéﬁn{)[{pnﬁﬁg o)?‘dertﬁ?gglgg‘g).‘?%(ggﬂ]ﬂ z%tig%\grn es@?@ng 5?@3&%’2) S
simlar torbeérenpundessi ngnshers iareFl &dop8edangk hanceonFfomlestr igriougn i s
not. repeated., [%192] Then, the second conponent nounting order determning
uni 10308 HRived Ht 9N EREB- nozzl e nunbers for the conponents in -68 a

priori tY[Ed%?gEUﬁﬁéﬂg IR e d i 1 p it irﬁoum?ngoéﬁgr c'i‘élfg}%f’nifn%umi ng

conponen up aré detérmned sSuch as"to mnimz € conponent
ti me ontwnith@0Bbaddt0Bnes pitkup nexahpinetmbleesfiockiipe moznpenamtseirs f or
the Conpao%erri](grslt?-rteo-pickup manner (52104). That is, the nozzle numbers
are determined such as to minimize the component pickup time.
15 For example, as shown in FIG. 40(b), the component cassettes 2114
are arranged in the order of components A, B, C and D. In this case,
as shown in FIG. 40(c), the time for the component pickup is
minimized when the component A is picked up by the pickup nozzle
2112a having the nozzle number 1, the component B is picked up by
20 the pickup nozzfe 2112a having the nozzle number 2, the component
C is picked up by the pickup nozzle 2112a having the nozzle number
-3, and the componeht' D 'is-'picked up by the pickup nozzle 2112a
having the nozzle number 4.
[0191] Then, based on the component pickup pattern in a
25  priority-to-pickup manner obtained by the processing of $2104 as
shown in FIG. 40(c), the second component mounting order
determining unit 308b performs optimization processing for the
component mounting order (S2106). The optimization processing
(52106} is similar to the processing shown in FIG. 38, and hence
30 description is not repeated.
[0192] Then, the second component mounting order determining

unit 308b determines pickup nozzle numbers for the components in
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5 determ ned so that a pickup nozzle 2112a having a snaller nozzle nunber
pi cks up a conponent having a snmaller x-coordinate of the nounting point.
According to this determ nation nethod, the corrected x-coordinate
(x'-coordinate) noves toward the center of the board 2020. This reduces

t he novenent distance at the tinme of 0 nounting by the head 2112. [0193]
For exanple, in the case where nounting points are arranged as shown in
FIG 41(a), as shown in FIG 41(b) the conponent A is picked up by the

pi ckup nézzv@opity2toaviuttinge macurtre (GAHOB)1, tThatoimpondnd Bdzzlei cked
up by th i nozzl e 15 2112a havi ng the nozzl e, nunper 2, the. conponent
& & oi B BEYE S OR i RRanRr RiSKTY I SB%eEi st Ruchoas o MiRHBIZS. and

the conpraerbrBpbieRitChkRBUMRIRY thRePi ek AvZzbearll2eghaVvi ngnt hgjgnozzl e
nunber 4. [0194] Then, based on the conponent pickup pattern in a é
priorityexemplt ithe nitkep obogizhe d neymbiesspfoce ¢ biengcam pEA1@8ts asrahown

in Fl : o] t . moynt i order . determnjng unit 308b
perfo&méégg?mﬁ'égﬁi %ﬁctg{%ésgrcﬂﬂmd}o%?ﬁg 223@@0 é%'”ﬁoan%ﬁf&?gl%'_?a@nzzﬁ%znp) .
The -opt i furabeppipkeags st ROMPEALHY hagirsd ™ kafaller bhe oy esease F el@wn in
FIG 38, and hence 25 description is not repeated. [0195] The second
conponenfN@HUHNGnPOder dedendingndourdiis gegsrovmadies thethadal thunt i ng

mannor (PO AER RecagPaHide o R Frif gL thOFBe.foRalfh Mg den@eof 7

her ei naf tiee boardn20R26€ .t oThis Bed neesttheInidv@midhtt OB tEARROFEEH e TPWY HPY
order determned in a priority-to-nounting manner (referred to as a

"prildr i t NAWIHBAnRY e hwad ting tine", hereinafter) (52112). -69

0196 [ 1L y-tia- pi ck t ' t] | || th th
bt or (TR0 DeFBr Abtadiie, Dl Yhs" Hefie (Ve atdByiny SRBInG g " "
conponerarnamged ngs osHewetrer MG gl (@)t SD8hoadrahs RIGE, epngnetie pi ckup

attern and the co nent nmountin
P component rH)?s pickedu up bgy the pickup nozzle 2112a having the

nozzle number 1, the component D is picked up by the pickup nozzle
15 2112a having the nozzle number 2, the component C is picked up by
‘the pickup nozzle 2112a having the nozzle number 3, and the
component B is picked up by the pickup nozzle 2112a having the
nozzle number 4.
_ [0194] Then, based on the component pickup pattern in a
20  priority-to-mounting manner obtained by the processing of 52108
as shown in FIG. 41(b), the second component mounting order
determining ‘unit 308b perfdrms optimi'z'é'ti'on processing for the
component mounting order (S2110). The optimization processing
(52110) is similar to the processing shown in FIG. 38, and hence
25 description is not repeated. |
[0195] The second component mounting order determining unit
308b compares the total mounting time in the component mounting
order determined in a priority-to-pickup manner (referred to as a
"priority-to-pickup total mounting time", hereinafter) with the total
30 mounting time in the component mounting order determined in a
priority-to-mounting manner (referred to as a "priority-to-mounting

total mounting time”, hereinafter) (S2112).
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5 order determned in a priority-to-pickup manner (S2114). On the other
hand, when the priority-to-nounting total nounting tinme is smaller than or
equal to the priority-to-pickup total nounting tine (NOin 52112), the
second conponent nounting order determning unit 308b adopts the conponent
pi ckup pattern and the conponent 1o nounting order determned in a
priority-to-nmounting manner (52116). [0197] According to the
above-nmenti oned processing, an optimal conmponent type for the conponent to
be hel d wlaédh%@mmmmm@tymmckap betalererum tied). tibe[ E198haHlere, the

ot soeh e T B prladly Gr a3 6EBthg HRaD e it e (VERiA B2 19 gd. o
whi ch a rteé appcberd c@Ngson@nd ﬁwt@heirrgm@eﬂeﬁtaeqemngiﬁggmit[@% Two

ki nds of such rotary heads are described below. 20 FI s a
per spect@¢epis dheocomponany Hekup petten Bingl tbesgmpenenrtosobnasingfir st

par alf o O Rk hbed T RGOty witkUm AU RRL X 2l I " BN e
havi ng @manomm;elwnehetrs@rmibunvt-t@nndmgtzigtfr vetalr m@hntipgy timet iHead

unit 25 2405a is solely described bel ow. [020I] The first head unit 2405a
i ncl udessmalkarxthgnpak € ualoto dheppricaity-ocpickup total mepndingdime

rai si ng d i r r - i xi b ;

o ur al (VSR LA ot e D cERTE RinbBEis bRl S CeriBtiing ana
hol d t hammita3 Bbkadophs ttheocdhiSohbat giekds phetdir kil BRezdes ntn an
attachabl e and detachable manner; a plurality of camtubes 2414; and a

6- mdPor MOATKIRHatORdRIs ed SEREMINEBRUP o2z | RIGODEYILO UMOBLIHE BGabHRN RGN A- axi s
70 or ar‘(sbz'Ifggs. [0202] In the first head unit 2405a having the

above- nenti1oneéd structure, by virtue of revolving operation of the 0-notor

2415, tHO19rlrAtiondiolg gocking mboveem &dtid et aire caisihg) hen Aopkingai N a
state component type for the component to be held by each pickup nozzie
2112a can be determined.

15 [0198] Here, the processing executed by the second component
mounting order determining unit 308b is applicable also to a
component mounter of modular type in which a rotary head moves
and mounts components onto a board.

_ [0199] Two kinds of such rotary heads are described below.

20 FIG. 42 is a perspective view of a rotary head.

[0200] The rOtary head 2405 has a first head unit 2405a and a
second head unit 2405b which are installed in pa'réfleﬂl' and have the
same function. Since these head units are units having
approximately the same function, the structure of the first head unit
25 2405a is solely described below.
[0201] The first head unit 2405a includes: a fixing base 2410; a
plurality (six in FIG. 42) of nozzle raising and lowering motors 2411
arranged on the fixing base 2410; a plurality of pickup nozzles 2412
that pick up components by suction and hold them; a pickup unit
- 30 2413 that holds the pickup nozzles 2412 in an attachable and
detachable manner; a plurality of cam tubes 2414; and a 8-motor

2415 that causes the pickup nozzles 2412 to rotate about an A-axis
_70__




5 that their relative positions are maintai ned. Then, the pickup nozzle
2412 having noved to the i mredi ate under of the nozzle raising and

| owering notor 2411 noves downward by virtue of a pressing force fromthe
nozzle raising and | owering notor 2411 |ocated in the inmedi ate over.

Furt her, when the angle of the io conmponent picked up by the pickup nozzle
2412 is to be corrected, the pickup nozzle 2412 is rotated about the

A -axis by virtue of revolving operation of the O0-notor 2415. [0203] Here,

the abov8TRMhA 'oR& description has been given for the case that the

t h S : t ,of | t ' Les are
L?os{éedfgggﬁﬁhgﬁ ﬁ%ﬁ%ﬁﬁg%zuzﬁ'ggégpﬁc@@bg %ﬁeflﬁ]g’%%ﬁéﬁtb%q(? n are
rot at ed. stvebuee, hheiduaiof reeolwindepaatidatoftiiee gi-ekotonozzl estisé each

t i | Ly diff. t di ti tated. That is, as shown in
P 43, PN BF pRLLD marzie 2417 Fafatedaboit the Mbowdismin o seabad head

unit 246 ' a h N lisls i ralk.k ; ha e I on.
Th’en,ﬁeagﬁawﬁlg F?!aﬁg}/éhggﬁlﬂdﬁﬁf %I%garﬁgﬁ@{?'ﬁe%%éec\gﬁqdéﬁéag unP[&@'ﬁQOb may
i ncl ude: NOZZIMi24 bt kavingnm@asd ;toa thebimend d2#62 rideachel the hioe ziwi t

outer fr 2461 in a manner that_allows it to revolve; a sub head rotary
not or 24@%’?}%@'&% efing ge 'Pro%géfl f'h‘é"@ﬁbgmé’dﬁ"’éﬂgz@\/pymtuﬁ 96 dozzl es
2464 t haphrdd $ilkkguPFoBEEPRIFAL n [ k [ | sm 2465
t hat IO\;\a%I;s theg_Jp?ckup_ nozz!ﬁgéﬂg%?i?o@% g%n?hle&ﬁ%\?eﬁ?&eﬁgﬁﬁg?ﬁlpﬁ of

t he sub lesadedaén; thedimmediadge @iakupFuntheg46her OBOd] ahgie, ofistlien t he

2408 corp R Eb L esRRe R BesBenp b e aeaena: bh h&dsT EktBTand ¢ he
mount i LS (iBRUPOTRANGE! 24 190 TRORSIHSE ALY Ik U0 -SQIPIRY QrPgLWEPN the

pi ckup and the mounting of the conponent. Thus, in such a case, "the
oper at | Jie\ST Vi@ eationeebhet§ omdatorp24idrmed after the pickup nozzle

w0081 EPERERE Bbel RSt AR, Al Mo R R R 0 e

the case that the rotary head has a structure that plural sets of

15 pickup nozzles are provided and that the pickup nozzles of each set

in the same direction are rotated. However, the structure may be

so that the pickup nozzles of each set in mutually different directions

are rotated. That is, as shown in FIG. 43, the rotary head may has

a first head unit 2460a and a second head unit 2460b which are

20 installed in parallel and have the same function. Then, each of the

first head unit 2460a and the second head unit 2460b may include:

“a unit outer frame 2461; a sub head 2462 attached to the unit outer

frame 2461 in a manner that allows it to revolve; a sub head rotary

motor 2463 that drives the rotation of the sub head 2462; pickup

25 nozzies 2464 that pick up components and holding them; a

depression mechanism 2465 that lowers the pickup nozzie 2464

located at the lower end position of the sub head 2462; and an
image pickup unit 2466.

[0204] Here, as in the case of the rotary head shown in FIG. 43,

30 when an image pickup unit 2466 (component recognition camera) is

provided between the pickup and the mounting of the component,

component recognition is completed between the pickup and the
-71 - .




5 recognition tine can be disregarded so that the nmounting time and the
pi ckup tinme can be regarded as nutually the sane. [0205] Optim zation
processing for conmponent nounting order performed by using such a rotary
head is described below. [0206] FIG 44 is a schematic diagramin the case
where a 10 conponent nounter. provided with a rotary head 2405 shown in

FIG 42 is viewed fromthe above. [0207] Here, for sinplicity of
descri ption, whi l e four pickup nozzl es

ne h unit is enployed solely :
2412 ar e”’b‘PBOE%P?%E?@ ¢BIH9NER adyfim)‘s i §14t§hu® C@ﬁﬁp&i@@@ﬁ;ﬂaf?n ?n;?; .r ;g
| ockwi ' i .
head Daog0 e e YRRl B8 EOTRYeg dHer R IS R RE BT L
2114 ar ethe camgpenant by epmerithatuiipd iy thieido rAbbree @ is hewed to the
t he case where the rotary head 2405 picks up

[ . hi - l. [

I hguggmhﬂ%@?b?\ﬁeﬁﬁgﬁﬁhng%lgnpmj}qes[ 8 ﬁe@rtprﬁnth%¥hegiﬂmp_ozmnmaw¢i Lr; oy
; _ : : R ; D

o eRgse it Fe AL oo s S R e

pi ckup nU‘zQIm'CEuthlma@mrhmmega_rﬂemaswmllgpt?ﬁ s?m%{“hrgi f:)LﬁEuﬁozn .

. t . picked u e fou .
2ato. 26113988 CalifHEDRHo PharesSing’ f” coaBnaneBt, mowbfing Aeder 2405
pi cks Uppé%@ﬁﬁ%‘?ﬂiﬁng S0choY i rtalyomebafis BESEP%dn%t%AQOPV‘“ in FIG

45, the tinme for the picKup operation'is mnimze _'corr_ponent Ais
pi cked Ul BYoi hEIGLr 44 pisckapsabematizadiagraen conpheemtas® i wheireked up by

t he .seco ' 12. .the 30 conmponent C i | cked up by _the third
pi ck@p n%@?&@%‘éméﬁh??ﬁém&%ﬁﬁ%&b @)rpgaf)Y(h{%Qﬂ f?ﬁ{)@ Sﬁ'ﬁé"’f‘dﬂr'ﬂrﬁpl ckup
nozzl e 24213s vieWE9lirerhlehgbphecessi ng subsequent to S2004 shown in FI G

38 -72 i[sosferforrred I n accordance with the pickup pattern for the

conponerf Q)Z)l dleied fag Smwmyd?%wétﬁ?NTM&%BFZ?T”?JS{??\HIgggd\?mr?ﬁr .
?g?afs.%?éngTWﬁlég@ Ce?qggg:ﬁgﬁq%%@ 7419 ar®ProVided?® PheVrotary
head 2405 picks up components with rotating clockwise when
15 viewed from the above. The task picked up by the rotary head 2405
is made up of components A, B, Cand D. The component cassettes
2114 are arranged in the component supply unit 2115a as shown in
the figure. Inthis example, in the case where the rotary head 2405
picks up the components with moving from right to left in the figure,
20 the time for the pickup operation is minimized when the component
D is picked up by the first pickup nozzie 2412, the component C is
‘picked up by the second pickup nozzle 2412, the component B s
picked up by the third pickup nozzle 2412, and the component A is
picked up by the fourth pickup nozzle 2412.
25 [0208] On the other hand, in the case where the rotary head 2405
picks up the components with moving from left to right as shown in
FIG. 45, the time for the pickup operation is minimized when the
component A is picked up by the first pickup nozzle 2412, the
component B is picked up by the second pickup nozzle 2412, the
30 component C is picked up by the third pickup nozzle 2412, and the
component D is picked up by the fourth pickup nozzle 2412,

[0209] When the processing subsequent to S2004 shown in FIG. 38
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5 tinme in the conponent nounter. [0210] Further, simlarly to the case in
FIG 39, two kinds of conponent type patterns for the conponents held by
the pickup nozzles 2112a may be prepared, and then a conponent type
pattern nay be adopted that has the snmaller nmounting tinme for the io
conponents. [0211] Here, the conmponent pickup pattern in a
priority-to-pickup manner is any one of the pickup patterns shown in FIGS.
44 and 45. Further, in the case where nounting points are arranged as
shown i nis pefordnayl, ibasadcordaiheex-vedbr dimat g@sckiipt heattewnt i g ptiets as

15 sh | FIG 46 L th t pi tt I
v or 1 yC R BB g SRS SRR hrRsH s Bl (ARl Bfl srRmpnent
pi cked umduntiRg fordslr Rhekwe rRAEreNRAER. fdihg %mge%npméun%ﬁksﬁ up by

the second pi cklp nozzle 2412, the conponent Cis picked up by the third
pi ckup d@z:z:]ualazzltme arevidedcwiforenetdy bead cktisipeshagseopeuratingi ckup

nozzl_e g . e ocessing simlar to that shown in FIG
39 i é? ﬁiﬁf%ﬁﬁﬁ%@?&é%b%ﬁ%@%m pi ckup pattern in a

priority-02t Q) ckuptivanneinangtiyheo menat icagePaht ¥I1G. BR two kinds of
priority-to-nmounting manner which have been determ ned as 25 descri bed

above, #PHRANRNt dyRsoREiterppeflGiotheneosoppossis held by hhel pickegzh

ont | pun TS sake 2 hsotmpatatunnd fteh AL FofueaP Rt Ponbat By i ng
is switahey and exepticet tigst i hathehepasabilRG tindRiHteaYCitieeapRAr attis 300

in FIG 2, the 30 conponent nounting order determ ning apparatus nmay be
usedOi n CUNREOYItS-he operating time reduci ng apparatus 300 such as to

cxecute (DPLEFHELY e COmENSohe MURLL BaBtasl 18° BIBRY iaklny o
uni t 308hanflee icoanygnemé ofothd iphak opdsdttedelses b WMt FIEE.a44sahd S50 | ar
to that quer%ﬁreir,biendtl\!}métcr}asree]\crv reernec%cgt?ntiﬂgepo%gts are arranged as shown in
FIG. 46(a), based on the x-coordinates of the mounting points as
15 shown in FIG. 46(b), the component pickup pattern in a
- priority-to-mounting manner is determined so that the component A
is picked up by the first pickup nozzle 2412, the component D is
picked up by the second pickup nozzle 2412, the component C is
picked up by the third pickup nozzle 2412, and the component B
20 picked up by the fourth pickup nozzle 2412 (S2108).
| [0212] When processing similar to that shown in FIG. 39 is
performed based on”" fhe combbﬁént pickup' ”péttern in a
- priority-to-pickup manner and the mounting pattern in a
priority-to-mounting manner which have been determined as
- 25 described above, an optimal component type for the component to
be held by each pickup nozzle 2112a can be determined.
[0213] Here, in place of the configuration that the component
mounting qrder determination processing is switched and executed
as in the operating time reducing apparatus 300 in FIG. 2, the
30 component mounting order determining apparatus may be used in
place of the operating time reducing apparatus 300 such as to

execute exclusively the component mounting order determination
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5 [0214] [Third Conmponent Munting Order Determning Unit 308c] As a
conponent nounter that nounts conponents such as el ectronic conponents
onto a printed circuit board according to the conventional art, a
conponent- nounter is known in which a plurality of nmounting heads
alternately nount conmponents onto one board. io [0215] In order to control
such a conponent nounter, various conponent nounting nmet hods have been
proposed (see, for exanple, Japanese Lai d-Open Patent Publication No.
2004- 186BgeFessiNg heetferimédubyditbel cembrich depatasen tandOpdn gPatrdet

Publ i cation  _Nao. .2004- 1863 onponents are nounted by two nmounting heads.
T nt CeheEerREnif e DB omnBE Ao Thec MR PAD A Har TRMHiAer OgAer

mount i ngdeeRrENfvY da ERTRORE IR ¢ Q?tﬁﬁk'%{é‘é’cr%‘é@ me@Péu%n&értT%he

sane in each of the tw nounting heads. [021 However, en the nunber of
componenfiGasd®gned to each mounting head is nerely equalized as in the

hni ' ' ' i.d- P Publ i '
2004136594 14 + B GortHahRA Gy iahn, BheRs BREStpiiing Snin2oBRae
i ndi vi dual nouasi agcomeRsisert trAbRARIY tHBEH T JUitsCeBRIHBAER 18NS Gchhgs boar d.
That is, a problemarises that a tine |oss fromthe conpletion of

conponen€leGRORIE s§rapengntsnopte @ pnintathcir quit foeransh aley oadprag ticctihar 25

board perdBFEnital 3 2EBMGheRT AlG e TR K00 PP EcEE RIBBahtY For
exanpl e, of noueking drhdeeouniia @yond et @@rmgeﬁ%tg&sbdnt@ 6 G

mount i ng. head _were not conpleted at the tine o conpl etion of conponent
mour®i ng &t Pdr MBdOBYer htO oEaBEr Gl eiGinga heampemeanti mpuptest vamicws t he

e RO AL mORRthg < pUERBHET haME et s PPRRRaRT . ($rBooter cases
- dependi rexamples Jepaoeeat A1@u0ipin Patedit vk GbAta oW INIDID beads 8680 Ppve
mutual Iy, different nunbers of pickup nozzles for the conponents. In such
cases, ¥ klp,@et,@&,lﬁ;ggugf disclosed'in Japanese Laid-Open Patent Publication
No. 2004-186391, components are mounted by two mounting heads.
15 At that time, the components are allocated so that the number of
mounting points for the components to be mounted onto the board
is the same in each of the two mounting heads.
[0216] However, when the number of components assigned to each
mounting head is mereiy equalized as in the technigue described in
20 - Japanese Laid-Open Patent Publication No. 2004-186391, a tact loss
cannot be resolved in the operation that the individual mounting
heads alternately mount the componenté on.t.o the board. 'Th”at.is, a
problem arises that a time loss from the completion of component
mounting operation onto the board performed by a particular
- 25 _mounting head until the start of component mounting operation
' onto the board performed by the next mounting head cannot be
reduced.
[0217] For example, if pickup and recognition of the components by
a particular mounting head were not completed at the time of
30 completion of component mounting performed by the other
mounting head, mounting operation for the components onto the

board is suspended until the operation is completed. This
-74 - _ .




5 nmounting points for the conponents to be nounted were set up the sane
for each nounting head, the nunber of tasks could be different for each
nounting head. Here, the task indicates a conponent group to be nmounted in
one iteration of a repeated series of operations conposed of pickup,
transportation and nounting of 10 the conponents perfornmed by the nounting
head. [0219] For exanple, in a conponent mounter in which two nmounting
heads al ternately, nount conponents, it is assuned that the nunber of
nozzl es ®HSBRE ﬁﬁhﬁﬁﬂﬁgcﬁééﬁsl%t@ﬁQHDSﬁhlIe the nunber of nozzles of the

h F f 15 ts f
Che- conpbaaild Tt if meledsdebeddfoMiBR ik cPrap BB RRE Tiarnt s
for the bulipeteat snoantingthiwadd dyn reped rmik0blRG diFadtens wahmeat pe

accordi n to the th scri bed in Japanese Lai d-Qpen Patent Publication
No. 2004 @%@fozﬁﬁ%?eﬁgﬁ%ﬁmoae%ﬁueIafsqczf@ Gaseshtiithednum e ofiunber

Cotal nunmungCoBlts for the CopEnts 10'ES BBtk ftertet l Y, of©
mount i ngsawreaisfor] @) Acconting! heatﬂhethemnﬁeﬁ ask sk sono UMl M é ng

head be 5 g asks ( 120 points / 8 nozzles), while the nunber of
t asks of&iﬁﬂér%fltheft bnﬂedﬂﬁﬁg 30Hei&xs the1doskoiindicatess a

nozzl es)coriiptne st fé:ﬁ'?[l ??h@ﬁ@gﬂé}j ‘iﬁ'%rfé’ffté%tﬂi]negz%};ﬁ%p%:%ég&&e%gs

Accordingly, in th one nountTn

mount i ngpﬂqeam:ratmmamhpom@nftmekwmmmTEﬁortéttuorhlaandtmrmnrmhgtof
conmponent s

2t 180° &%n”?rg%“ﬁﬁta'e?;&ﬁ“eaﬁrm I AU RRBTRRd he_component s or ol y
5 Rl ragi iR e O SR
mount s t d%@r’rﬁ;ﬁfmﬁﬁﬂy mmmte@umnenb@mmscasﬁjmm enaﬁth[e&i@ﬁibé\s such,
e IRl B IRR L Bl RE8Y A R Whhe R R RDeT of hbShfy for
of the other mounting head is four. Further, the number of
15 mounting points for the components is 240. 1In this case, when the
number of mounting points for the components to be mounted by
each mounting head is calculated according to the method described
in Japanese Laid-Open Patent Publication No. 2004-186391
mentioned above, a value of 120 is obtained as the number of
20 mounting points for the components which is obtained by dividing
the total number 240 of mounting pomts for the components by the
number 2 of mount:ng heads.
[0220] Accordingly, the number of tasks of one mounting head
becomes 15 tasks (=120 points / 8 nozzles), while the number of
25 tasks of the other mounting head becomes 30 tasks (=120 points /
4 nozzles). Thus, difference arises in the number of tasks.
[0221] Accordingly, in the first 15 tasks, one mounting head and the
other mounting head alternately mount the components. At that
time point, although one mounting head has completed the
30 mounting of all components at 120 points, the other mounting head
has mounted the components merely at 60 points (=4 nozzles x15

tasks). Thus,_ in the remaining 15 tasks, one mounting head stops,
-75 -




5 order for the conponents is determned in accordance with the method
descri bed in Japanese Lai d-Open Patent Publication No. 2004-186391

menti oned above, a problem of reduction in the production efficiency
arises. [0223] Here, even when the nunber of pickup nozzles is the sane io0
for each other, the above-nentioned unbal ance in the nunber of tasks can
arise in the case where interference occurs between the conponents to' be
pi cked up caused by difference in the conPonent size so that the
corrponen?@’ @R éh@%fc'&lqunﬁégpihﬂ@@ splaly @pearawber asguahoumtshéhaunmber

of pi cku_@oﬂpﬁ?hgma;tS_-hg%ZrAdd@Egﬂ@jrdr@%qigkﬁé[ﬂg%%nent mounter in which

a plurality o nti ng heads a onents onto one board,

an obj e£02@R]t As stichd inotipereade mobateé ritherdemnbiat ef PrivigednpiciR@BC 1S
t o determnine, opt.i in which a tact 0ss In the

HTgl congfgrent mounting order S
conponenOABlfR iIRgdHfEF&IT P TosES Tt MROBEING | Beagy wiharithed mesintiag
produgct i f S dic| F her, t . oounter
i cho Ol 1) Y G 5 e G E SRR, ot A8 ARG IR EBon: o
one boar Methowt descoibjesttini Japa nesw i ldeide Gee ho@aoé ndepabiicatitth ORG. nal

conponen. unty rder and thereby inproving production 25 efficiency

even Wne%ogﬁéqm | Weﬁg’cﬂn%daﬁé’g’ﬁre§ i Rrefekerer &t reguctiie himotingi ng

head. [0 fi ; r controlled by the third conponent
BPEd U EHiS rC eFRENENty HHEE &

mounting order determning unit 308c is the component nounter 3100 shown
in FIG [0223][Mdere] even cdmporidre nuoraives oBF00kupchudekss isveheogaaient

caoR thc SR EaLh ASRBTC S REoRBRY < 2BeNtio 16 ALughalANLoo itheup URBRE 30tz
Lore"SaagB Shr 4y B S cgeranq mbrfere LAY BIARGEME | o
t he conpsHBmONEREeLode Pickednap caused ry differentce m boarcb@@Phenat beam
3113 toé’?@écgotﬂ?aéitﬁee components cannot physically be picked up in a
number equal to the number of pickup nozzles.
15 [0224] Accordingly, for a component mounter in which a plurality of
| mounting heads alternately mount components onto one board, an
object of the third component mounting order determining unit 308c
is to determine optimal component mounting order in which a tact
loss in the component mounting operation onto the board is
20 minimized, so that production efficiency is improved.
[0225] Further, for a component mounter in which a plurality of
mouhtihg head"s'él'ternately” mount c'o'rh'ponents onto one ‘bdard,”
another object is to provide a method of determining optimai
component mounting order and thereby improving production
25 efficiency even when the number of provided nozzles is different for
each mounting head.
[0226] The component mounter controlled by the third component
mounting order determining unit 308c is the component mounter
3100 shown in FIG. 1.
30 [0227] The component mounter 3100 includes: two component
supply units 3115 each composed of an array of component

Cassettes 3114 each accommodating a component tape; a line gang
- -76 - - _




5 gang pi ckup head 3112 is attached; a conponent recognition canmera 3116
that inspects in a two-dinensional or three-di nensional manner the pickup
state of conponents picked up by the Iine gang pickup head 3112; and a
tray supply unit 3117 that supplies a tray conponent. Here, the tray
supply unit 3117 and the 10 |like are not provided in sonme cases dependi ng
on the sub-equipnent. [0228] Here, the "conponent tape" indicates a tape
(carrier tape) on which a plurality of conmponents of the sanme conponent
type arePiGkupread Jhil2 hayéngsa spipphilidy oh pickupt roppiew (aefemedatoeel 15

| ' i kg, .and i d i nl | yi
hovtng aST0Rb s e ek iR BE e BRERHartRs) 2ebRnlehaliohente. to a
conponenglanohét . chARFSD eSPECiidrialthe, ddifpepamtneRls swREEs eBﬁlPOaJiué a

nounter that has both the function of a conponent nounter referred to as a
20 hi gh- Bpdatinguinem aita Rebpandt BOR gt asbeanpdiehd teowtich tkédimed to

| £ ] i . The_ hi.gh- d t | | y_indicat
o agharar Y MISRUE, SIBYE. 117 oFs CeERaRREn, 8 i be TS sRedonitiaial fer
at a speeaimadra0. 13del0dnd thach oindpects kein and t hayd-disleh sl zedr by

hi gh productivjty. The nultifunctional 25 nounter indicates an apparatus
t hat - nourt’$8- '5¥EI§$%‘QJH@@MWEhEdbﬁisunﬁ)e‘rsﬁaeteo@fwmmlsqnaseiokeda:@er,

component & NELAE A A8 ERREH Ae daTRicRhyey Eal iR BB PIa el oy
[0230] Bhwapplies d beayx copopenentountiere 3ERE traydashsnednito3ha BAngapadl e of
nount i nﬁ{ al nost all types of e|lectronic conmponents (the range of

compBnertket KR nROht A @%id&s ifr oFoANe. 4CARRS, 2depanding r éwi stidreto a

200 mﬂ%qggl erdmeﬂtu& when a necessary -77 nunber of the conponent
nount er s lg%é'a e nmerely arranged, a nmounting |line can be constructed.

[0231] HIO228) Here, phan’corewatont tgpe nhidicatesfa aupat iearakri figpslp of a
conponent unter 3100 according to the present invention.
on which a plurah%y 0 con'Pponents of the same component type are
arranged. This tape is supplied in a state wound around a reel
15 (supply reel) or the like, and is used mainly for supplying
components having a comparatively small size and referred to as
chip components, to a component mounter.
[0229] Specifically, the component mounter 3100 is a mounter that
has both the function of a component mounter referred to as a
20  high-speed mounter and the function of a component mounter
referre__d to as a multifunctional mounter. The high-speed mounter
generally indicates an apparatus thé't" 'r'ri'éunts electrdn'ic' éomponents
of 10 mm square or smaller at a speed of 0.1 second each or the like
_ and that is characterized by high productivity. The muitifunctional
25 mounter indicates an apparatus that mounts large-size electronic
components of 10 mm square or larger, irregularly shaped
components such as switches and connectors, and IC components
such as a QFP (Quad Flat Package) and a BGA (Bail Grid Array).
[0230] That is, the component mounter 3100 is designed to be
30 capable of mounting almost all types of electronic components (the
range of components to be mounted extends from a 0.4 mmx0.2

mm chip resistor to a 200 mm connector). Thus, when a necessary
' -77-




5 The conponent nounter 3100 includes in the inside: sub-equipnent arranged
in the board transportation direction (X-axis direction); and

sub-equi prent arranged in the forward and backward directions (Y-axis
direction) of the conponent mounter 3100. In total, the conmponent nounter
3100 includes four 10 sub-equi pmrent 3110a, 3110b, 3120a and 3120b. The

sub- equi pnent (3110a/3110b and 3120a/3120b) arranged in the X-axis
direction are nutually independeht, and hence can sinultaneously perform
mut ual | yneimber &ft theuee mpomenk. meum tens, 3 10K: asebneere lymantat G20z 3120b

d 3120 I d dently, d h
2|nrml tan&%@ﬂg ﬁb%rﬁ%ﬁaﬂ%ﬁw%ﬁ cltfgg:'gn'?pﬁguﬁ?l né V\gpk acshgagt her
hand, thpo23ub-rRIG.i pesta Eﬁalri@aéafleﬂ@mﬁﬁg 38 r3é8Hh§Jr%%ld}90w|hB|c?@0h

ot her in the torward and backward directions & axis direction cooper at e
with eachl 6t seMRONEBt g oputes: il Aduacragding OOHmrm“eswtbmtlpozsz] As

f h sub- egui 1 b- t
31108 31100, IS0 nR THOHRter Get Ol IRtk REsm 5168 A TnEHEe Bang
pi ckup heab- 8401 mieh tcamareyed $npphe unaohsdBHcéﬁsb@rBé-ﬂnﬁﬁ &Héﬁ:bﬁ:rn in

t he conpgqnent unter 25 3100, a pair of rails 3121 for board 3
~ transport’ndXds '§e6F'&ﬂ)de§ndb§Uhe@ﬂUﬂM@@Lﬁbaé@ngﬁdnm éhEaﬁﬁU@{ﬁﬂd]amb

canra HAECRBTE"Bitsctioh SV, WEEHoRT ¢h thES cBRIPANEDY BEGTRRL) "
parts of31608. prds'entotaﬁQ itheentaprporidns, ni@gatépt BAMO simduidead faut he

flgure (%PZP, The beam 3113 is rigid bod extend| ng in the X-axis
dird RAReRdy e bl Bar ai B\hak&(;not l: Ban) Prévi Sd20h. t he Thres

z;,:?az%f%@@rﬁ%@rtﬁ PRSI/ 00! g SROTROT PR0Y, ALESRLLAN Yo LS
di rect i ofrafar t dimectidre bmeem Fhiduallyowsntbpehidehtgangndpi plemzcheagn3112
attaChedSIPnoul Qﬁe%%s 3plelr otrg’a nnq\ﬂ uahyngif%greent mounting work. Further,
the sub-equipment (3110a/3120b and 3120b/3120a) are also
15 mutually independently, and hence can simultaneously perform
mutually different mounting work. On the other hand, the
sub-equipment (3110a/3120a and 3110b/3120b) facing with each
other in the forward and backward directions (Y-axis direction)
cooperate with each other so as to perform mounting work on one
20 board.
__[0232] As for each sub- equnpment 3110a 3110b 3120a and 3120b,
each sub- equnpment 3110a, 3110b, 3120a and 3120b is prov1ded
with a beam 3113, a line gang pickup head 3112 and component
_ supply units 3115a to 3115d. Further, in the component mounter
26 3100, a pair of rails 3121 for board 3020 transportation is provided

between the sub-equipment arranged in the forward and backward

directions.

[0233] Here, the component recognition camera 3116, the tray

supply unit 3117 and the like are not essential parts of the present
- 30 invention. Thus, description is omitted in the figure.

[0234] The beam 3113 is a rigid body extending in the X-axis

direction, and can move on a railway (not shown) provided in the
-78 -




5 beam 3113, that is, in the X-axis direction. Thus, by virtue of the
novenent of itself in the Y-axis direction and the X-axis directional
novenent of the |line gang pickup head 3112 that noves in the Y-axis
direction in association with the above-nenti oned novenent, the |ine gang
pi ckup head 3112 can nove freely in the XY plane. io Further, a plurality

of notors such as notors (not shown) for driving these are provided in the
beam 3113. Electric power to these notors and the like is supplied via the
beam 311¥-aKi23sirect@n 4perpeandichkantticc thieagranspbevatignpaRiddtinal for

st1a. {0588 DHRES Febda it etiptaliatatng Santrer Beligearaliehtathe -
pl ural i t X-aixipi dkwrtiodz! esuAdHE2 t9e 3bk3n g’lcﬁaé“IlBWsk thR |1f C@éﬂgic .
conponents of a nunber equal to the nunber of pickup nozzles a XFPmum in

an i deal PAekEP head t3Hel 2 naiteichesd toohbenbean203tasseotem\dlkiong the
A ! . ; el : vy &
Lozart TRRATYR! A Mt R T SRR Zia8is Qi chiven al dHiie b ouikieadt shern;

nmovenent mevdmerh dfyiteelfolothé Nola x5 W ctioW BRY the t)tlea)!ig"fﬁﬁ'él?ﬁo"i‘{}ﬂ .
d el ectronic

eration at_the tinme of picking up and 25 holding the

rai sing o

corrpongnf‘gméﬂﬂ“%hrﬁﬁ fGet Heen@an @l pickughiead odpaRethat omoveahdnbohaed 3020

is also ¢rj - oot-ar ) F 9 and 50 is a diagram descr.i bi ng

corrponen? é%n@u(rjl %r%'%@#ﬁoarsr%[epg‘%ggky k’ﬁ%éﬁgnﬁ%%ﬁﬁmn%?a@% MAEMENE| Gs.

49 and Sthetlivweoghngt péckept hesl- 8auipmM mbYel fr‘é@ﬂ/rﬁ{%ﬂe M§he,30 the
e

ri.ght sup-ecHJirpmen operate simlarly so as to nount 't conponent's. Thus,
t heyl%r eFBRti®le @ PRURIEY ofgnatarssuchoasanotersifowt showng fosdrivivegl i ne

Phr ce ki AiEsgrate ooy Rled M bE P LT EIEGRE RAERats sthest i he
conponenmotsuppa gduthie 18dd 5 supmt@gniibi B Hdahs aizked- up conponents by
using thfofgg?or_rﬁe@.t 4r8e(|;ggamstclhoenmg%irz:eg:l?aS}alr?'i sah%%ﬁinng})l;)rgs:i?i%naoffrelation
between a line gang pickup head 3112 and a component cassette
15 3114,
[0236] The line gang pickup head 3112 can be equipped with a
plurality of pickup nozzles 3112a to 3112b, and can pick up
electronic components of a number egual to the number of pickup
nozzles at maximum in an ideal case, from the individual component
20 cassettes 3114 simultaneously (by in one iteration of a lowering and
raising operation).
[0237] The line gang pickup head 3112.<;_a.n' mbve along 't;'he.beam
3113. This movement is driven by a motor (not shown). Further,
the Iowei?'ing and raising operation at the time of picking up and
.25 holding the electronic components and mounting the held electronic
components onto the board 3020 is also driven by a motor.
[0238] FIGS. 49 and 50 is a diagram describing component
mounting performed by a component mounter 3100. Here, in FIGS.
49 and 50, the only the left sub-equipment are illustrated. However,
30 the right sub-equipment operate similarly so as to mount the
components. Thus, they are omitted in FIGS. 49 and 50.

[0239] As shown in FIG. 49, the line gang pickup head 3112 of the
.o _79_ .




5 the recogni zed conponents onto the board 3020, and thereby nounts the
conponents onto the board 3020. [0240] Here, the line gang pi ckup head 3112
of the sub-equipnment 3110a simlarly repeats alternately the three kinds
of operation conposed of "pickup”, "recognition" and "nounting", and
thereby io0o nounts the conponents onto the board 3020. [0241] Here, at the
time that the two |ine gang pickup heads 3112 sinultaneously perform
"mounting"” of the conmponents, in order that collision is avoided between

t he |ineSgangapiierienhedldR03:alternabelvt wepkiate s i ok spoheqos a3idi?

ts t " 5 board 3020 in the f f di nat ed
oporat i 0RO EIERes B BRI hE K Bratodsrits . pah T FOMBPGARGtpi ckup
head 3112upbly henits Bh-1e31] pr@m%ﬁﬂtw "p@fftﬁre%iﬁlk@&f\&b“@ﬁnﬂﬂ%éhit@rb\r(hg?

l'ine gana H%Ckup head 3112 of the sub-equi pment 3110a performs "pic
oper at i oHSHHY the-£8gmPeNEeMt teeanitédn cameriat BdstE, andshoveunting Gof 20

50( b), ' a | e 1 of, t he, suh=equi_pnent, 3110a
perf)o5r nsmf@mt%??gg%o%e?g%ﬁﬁgﬁﬁg ﬁ?]rlig éﬁﬁg tb(?%rﬂupyﬁggd a@ﬁZ“b‘?rq e
sub- equi preamts3tRGacprTf @ ERts pintkuthie dResad i3pR@nd  “recogni tion”
operatio such, when the two |ine gang picku heads 3112 perform
"nount i r@z‘@éér%ﬂ%nt'aﬁtléfﬂ%él@l‘g,DlélBIUIﬂ Q@J)BédﬁafﬁﬁasubdeaLﬂpm\eeh t he
line ga hek ' ' se,. ring the tine that
moant | ot 0gs cERTY PeeatsTaferbBtBl, $HE SRS kinds. ot hekkFalion |

" pi ckup'capgragddofatigickuptodretdgnitioner &b donmauritiege! keid | iHE-ang

pi ckup head 3112 are conpleted, the "nounting" operation to be perfornmed

by ftfe JDRANHEOIE (OHRYIGHSaptacke Pordt 30 He started without del ay at

hoads 35T ELH G, BRURY Bine WEICIA TP 1TE diing dirkPCpRRER. A2 Peo
[0242] Hictultaheoudy peefoimgransuneapgtiofvehe 'agee?t@r,rpiresong,—the
mount i ng

appar at S5t OH IRt uBited e THBE M ENBdin 610 3marR Ik DORAS i bt | on
3307d. the two line gang pickup heads 3112 mounts the components onto
15 the board 3020 in the form of coordinated operation. Specifically,
as shown in FIG. 50(a), when the line gang pickup head 3112 of the
sub-equipment 3120a performs "mounting” operation, the line gang
pickup head 3112 of the sub-equipment 3110a performs "pickup”
operation and "recognition” operation. In contrast, as shown in FIG.
20 50(b), when the line gang pickup head 3112 of the sub-equipment
3110a _perf_orms "mounting” operation, the line gang pickup head
3112 of the sub-equip'rhé'n't 3120a pe'f'fo'rms "pickup"' (')p.éi'étibn and
"recognition” operation. As such, when the two line gang pickup
heads 3112 perform "mounting" operation alternately, collision can
25 be avoided between the line gang pickup heads 3112. Here, in an
ideal case, during the time that "mounting" operation is performed
by one line gang pickup head 3112, if "pickup" operation and
"recognition” operation by the other line gang pickup head 3112 are |
completed, the "mounting" operation to be performed by the other
30 line gang pickup head 3112 can be started without delay at the time
that the "mounting” operation by one of the line gang pickup heads

3112 has been completed. This improves production efficiency.
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5 [0243] The nounting point data 3307a is a group of the information that
I ndi cates the nounting points for all conponents to be nounted. As shown
in FIG 51, one nmounting point pi includes a conponent type ci, an
X-coordinate xi, a Y-coordinate yi and control data (pi. Here, the
"conponent type" corresponds to the conponent nanme in io the conponent
library 3307b shown in FIG 52. The "X-coordinate" and the "Y-coordinate"
are the coardinates of the_nounting point (coordinates that indicate a
par ti cul aP 28kl F16f- dnl theeSHoarediaghams cespectivedy ahowingsxamiiles

" of ciap O ARFARG pREBEEE 000, rhEGHTRRERt hEsEy ZRoeh wdta o
the |inengangtiigkup appdradidd2). HefermbEighata tg3bgobtaigieg finghky is a

sequence of ITDUI’IFI ng points that mnimzes the |line tact. [0244] The
componenDUMBRE: 9T-3801H i Rg =P Pintsainf ogametiane3d36y d.col | ecting i nf or mati on

conponent Cada TheynBuint{BETRORY da¥era 028 's AR Bh LR T3 TR 0Ty
cont ai nstliat irdidatesrenend untinae poanto fpe st PP eftd B hd iBuheed.

specific,to the comp n type under a particular condition); and other
restri ct PEnSHAVG r‘r’ét'%&g ts(%uéﬁeaﬁ"@%@tlﬂéb@%ﬂt@'plﬁﬂduﬂaﬁo.@zt@mmmenhn be

used, th ie aw dy, usecdhk for Pt canera
ST - g Il et RR R AR CR e R
Here, i nft'itegie,ﬁhgu?cmnmal mnhtyp}abmaeG@QMS @@wozigm ﬁﬁen\t&iéta@@in
conpaonen es _are also sho r conveni ence. e mountin

apgp at (9§ %‘Bﬂi?ﬂﬁple(g& 1Ay &L’Qi)ﬁ (5?1@[’!'?‘6!’1 Flfp 5IEfat T Gi"(?%rtc@@ﬂdrh@age"
appar at fi ' 0 - ' resteicti .and _the |ike
FOPaLn] aeg, R R iard [ R RN BB URTELS (8o Hh & AR RE

shown i n(aa@disatesHdatoumdicage a §iartappiarapositio ctrm&h'eonoaB@Zp (rjmgé udes:
ead 3112,

that 15, STt bl HeiRe i€ GealdictipRgRentariBe: conCor i thesmaisingvetied i n
f: gﬁcglr gstnrg;ataggnpbﬁ@m (eath akldhe 19pe 6f BB RKTE he2zit Thef dARE used
15 and the highest transportation speed of the line gang pickup head
"3112). Here, NC data to be obtained finally is a sequence of
. mounting points that minimizes the line tact.
[0244] The component library 3307b is a library generated by
collecting information specific to each of all component types that
20 can be processed by the component mounter 3100. As shown in
FIG. 52, the component library 3307b contains for each component
” 't'yp'é:m a compohénfsize; a tact (the tact épe'c'i'ﬁc to the com'p"c')'n'ent
type under a particular condition); and other restriction information
{such as the type of a pickup nozzle that can be used, the
25 recognition method used by the component recognition camera
3116, and the maximum speed ratio of the line gang pickup head
3112). Here, in the figure, external appearances of components of
various component types are also showh for convenience.
[0245] The mounting apparatus information 3307c¢ is information
30 that indicates the apparatuses configuration, the above-mentioned
restriction, and the like for all individual sub-equipment that make

up the production line. As shown in FIG. 53, the mounting
' -81- o . .




S type of the pickup nozzles that can be attached to the |ine gang pickup
head 3112; cassette information, for exanple, concerning the maximm
nunber of conponent cassettes 3114; and tray information, for exanple,
concerni ng the nunber of trays held in the tray supply unit 3117. 10-
[0246] The nunber - of - mounting-points information 3307d is provided for
each of the sub-equipnent (3110a/3120a and 3110b/3120b) facing in the

f d ' i.0 i . X-axis directiqn) in the conponent
mount e TR0 e 107 By 03307 B’ M d ThEEAHem L aRniRG
sub- equi fimentype10f thed |iBk20@ i FHLRupeheed 11102 ashblteis) | &t example
sub- equi pnent " .Wni%e t he sub-equi %ment 3110b and 3120b are r_eferred to as
the "ri ghONEINIBGuEREEH MbarneiRickyg ﬁ@fﬁtéﬁ-’s erovdded iy thei hnﬁtgang .
i nf ti 0 ' KAV} - | _
1 or e ek §BOREats3 10U Egd IKE ARl o ESimale COHERMTNa RS LS,
i nf or frat itgpe3dd 7the pickigr nmuz‘z;bes Lmamam tres)rateatchtedeggetn(g Iﬁ%%?gh?ﬂe
t, 4t 0 e, nounting poin o be nmounte :

board andFEYPnIRge 21k ge‘?ﬂﬁ%&eom@%mﬁﬁ'ﬁafpf(ﬂrnﬁéﬂafr?meh@t%mﬁmﬂm@gtn ).

F , o] | [ o . e ,nou
by the Top; TEoRPTR ML h (D Potcy WEREES R ol e
e e, e gt b e e e

ti ...[0248] T ration o e ir
ggsggtcelrgﬁ#ﬁb‘lqﬂai\’t&@%slﬁgdescri bed below. FIG 55 is a flow chart by
' ' f L P ralifgl r I

showlqng ppoagssi T eof niieh Befil 6f-RICERTRANGINNTRUNHF o4 8L  BHAS i

the third conponent nounting order d I ng uni _
f ol | owi ngreeiied ptfosn, eackietef nthat | swbreqbigphiecort  ¢BIPORYR1 2@yNta g or der

uneas TR0 PSR 1h e g e oA e e g
sub- equi @rants @irddifon) in the component mounter 3100 shown in FIG. 47,
In the following description, the sub-equipment 3110a and 3120a
15 are referred to as the "left sub-equipment”, while the
sub-equipment 3110b and 3120b are referred to as the "right
sub-equipment".

[0247] The number-of-mounting-points information 3307d is
provided for each of the left sub-equipment and the right
20 sub-equipment. As shown in FIG. 54, the
number-of-mounting-points information 3307d is information in
~ which corre'ép'dndence"i's eStablished between each component i:ype
of the mounting point to be mounted onto the board and its number
(the number of mounting points for the component). For example,
25 as shown in the figure, the component types to be mounted by the
left sub-equipment are five kinds of A, B, C, D and E, while the
numbers of mounting points for the components are 40, 20, 20, 5

and 15, respectively.
_ [0248] The operation of the third component mounting order
30 determining unit 308c is described below. FIG. 55 is a flow chart
showing processing of determining component mounting order

performed by the third component mounting order determining unit
-82.-




5 conponent nounter 3100, conponent nounting order is determ ned. [0249]
The third conponent nounting order determning unit 308c allocates the
conponents to be nmounted onto one board 3020 to either the |Iine gang

pi ckup head 3112 (referred to as the "front io head", hereinafter) of the
sub-equipnent 3120a or the line gang pickup head 3112 (referred to as the
“rear head", hereinafter) of the sub-equipment 3110a (S3110). That is, the
nount i ng E{der de erghﬁl uni t 3305c determ nes whether the to-be-nounted
componenf&hould HaentReWdngy desertntian, nradetermynakien ¢aethgdnéas.
Details o] 0, [ [ t 50]
Then, thgapﬂg§gébgn%%%gﬁF”ﬂ%uﬁﬁ?%BW%r er de erﬁ?ﬂ?ﬁgéug %e égéghae%%§n1nes
t asks angubaeuopgeni mfatlseam@mpmuemhena)lljr[tea't B3a90.r ebldweoér.t idhen

| { S3l d 20 (S3111). tail
o T heC sl At esdingn o Rt dobied Pasthe TNt sofeeeanm aRbiof fhar]
Finalg y, cbaip@seht dehesiheed t aslpo,t h%o‘rﬁpgerm%%ndntlﬁﬁgmdrﬂ%rorﬁ’?hl i

detern1n|nggun|t 308c deternines pi‘ckup o the conponents
the taskdeB3nmined. S3114). As for the 25 determnation nmethod for the

i ck ts i tech b
D onop e 8591 Xné M FRESRBNTe AL rioun iy, of Sk dSedmnian “@?v F08%e
present aRELhESS ithie cOMPoOnIRSCEOPBEGMIENAY & ﬁt&f—‘%rﬁ‘@ﬁ@ éZﬂ%g'drst

t he conponent al |l ocation processing (S3110 in FIG escr|
bel ow weﬁheéfteh@rﬂctr@etgaagorpackuaa eachraalbz Giederred to asotdstea."lfe@ntlow

Crady o nedd e HEAREAY 25N B SRS R Bt Sl T the B sel crup
nozzl es il T;.Bﬁhéh@“Bl'l%@réf%r?é@% amhbe'rtef#r nughaer h%freﬂhﬁﬁ'éP%pQﬁztﬂees of

the rear he Is four. Further he component types of the cofiponents to
be nmountEdbz@UtEENt dbes (F3 kb0t i ng pat niss dhe ageboting nordwer

determining unit 3305c determines whether the to-be-mounted
components should be mounted by the front head or by the rear
15 head. Details of the allocation processing (S3110) is described
‘later.
[0250] Then, the third component mounting order determining unit
308c determines tasks and task order in a state that the allocation
result of the component allocation processing (S3110) is maintained
20 (S3111). Details of the task determination processing (S3111) is
described later.
['025'1”]”F'i'hally, for each 'determined't'ask, the third compOne'nut
mounting order determining unit 308c¢ determines pickup order for
the components within the task (S3112 to S3114). As for the
25 determination method for the pickup order for the components in a
task, various techniques have been proposed already. Further, the
~method is not an essential part of the present application. Thus,
description is not repeated here.
[0252] First, the component allocation processing (S3110 in FIG.
30 55) is described below with reference to a practical example. FIG.
56 is a detailed flow chart of the component allocation processing

(53110 in FIG. 55). In this example, as shown in FIG. 53, it is
-83 - '




5 nunber - of - mounti ng-points information 3307d in FIG 54. [0253] First, in
accordance with the ratio of the total nunber of nounting points per board
3020 relative to the nunber of pickup nozzles, the third conponent
nmounting order determning unit 308c cal cul ates the nunbers of nounting
points for the conponents to be 1o nounted by the front head and the rear
head (53121). For exanple, as shown in FIG 57, when the total nunber 100
board 3020 is disturbed in a ratio of 8 to 4, the

of rmountin oi.nts r |

number o@sﬁgﬂgﬁﬂr@ﬁfgﬁ?ﬁ aupperiy piskyohamzzles afdheotnerdchegd isreaghtont
head is iR i r i ints for
'ho conpapung 7e," BRie fRF Heiclb| nBzpIe% BERE" L IBe BRI Y Blditr
These nutbereonfpamentitrypgoioft shé aromipd n@orpanebesnasen ikt alndusfs of
nmounting _paipts for_fhe conEpnents. [ 0254] Then, the third caonmponent

nount i ngnHmBPrﬁet Phi nMBUIKINI 20 HHBE alFkat &5 t hENG¥DondAt s theei t her

the 3 onhuieBErosrBunthia- NeRfts BifoPARIHEATBIACY i g Seathal the number

of nounti ng poi nts for conponents Is close to the nu r of conponents
cal cul at 8268 Jt Rérstunive @cebraamas rgthotme sratdbcof ahieotopalbeesaibeg of

53121 22). 25 F | in FIG 58, th A
L e BiaRting. baiksr b el ik AEe Soobhat Umsdo Al Bikup pesh
| : i N pQ - t fot

al | ocat eﬁoi@féé’}f‘ﬁhé Iﬂﬁnﬁﬂég‘eﬁ%péhem%ﬂbwﬁnﬁgy%ﬁ Bétéfﬁlrulgm@‘lﬂﬁ?sﬁsﬁ) e

front head is close to .66 while the nu nount i oln or the
conponentglcaflates theanuhehars of chosating IRidds fohahe3ooimpomenshoprbén t he

- R4 18 PR ekt Bt raiohe DS SEOATS RS e
e nuasksrieoTes, BRoWALINIFIG, 975, PAASHEE Byt Joaurn 0.
to be nUWMQWHIBYG PaNiseReT HaearhB 20 ip st wbedwn a yptin of 8Card the t he
total val Y& D&eC AP AT INE BoiRtS BRHE chmponents to be mounted by
the front head is obtained to be 66.66, while the number of
15 mounting points for the components to be mounted by the rear head
is obtained to be 33.33. These numbers of mounting points for the
components are ideal numbers of mounting points for the
components.
[0254] Then, the third component mounting order determining unit
20  308c allocates the components to either the front head or the rear
head for each component type so that the number of mounting
points for the compbnents is close to the nufn'b”e'r' of componenté
calculated in the number-of-mounting-points calculation processing
(53121)(S3122). _
25 For example, as shown in FIG. 58, the component types A to
E shown in the number-of-mounting-points information 3307d are
allocated so that the number of mounting points for the components
of the front head is close to 66.66 while the number of mounting
points for the components of the rear head is close to 33.33. That
30 is, as shown in the number-of-mounting-points information 3307f,
when the component types to be mounted by the front head are

adopted as three types of A, B and D, the total value becomes 65
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5 [0255] Next, the task determ nation processing (53111 in FIG 55) is
descri bed below with reference to a practical exanple. FIG 59 is a
detailed flow chart of the task determ nation processing (53111 in FIG
55). First, the third conponent nounting order determning unit 308c

cal cul ates the maxi num nunber of iterations of pickup so io that "pickup”
and "recognition"” of conponents by the |line gang pickup head 3112 of
interest can be conpleted within the time of "nounting"” perforned by the
line gandvﬁlq}up'%ea‘agsﬁliooth&ﬁﬁfi-han t Arthee gasy mhdwp hdad 3hE2 of

I nt t yFhat Ak wh | mu er of ,iterations of
Ip)incﬁlrjgsofr(%)ﬁgf%'?%ﬁﬁHﬁggbpgﬁlfso bzﬁgé:%iar% tﬁgmvwn‘f"ﬁ'{%er t
i terati oE®MpDNERIkNPES todl& manrtediiythetree T18E96 atﬂéaédbgeea%é e\}iybng

| binypes todona hthetrea dbheet |
i front thBRS &F Fatbr s the toFakvahis BaRomeads mhich Iy Gpsorsa3 aa,
in front PHIq P s e,
70,5 steana ! R ot Sk AR IUER BRoceaRl e i ihdiG oms noad

is 0.2 sézdescribed hajoynmitbweferemcedo o raceieoemmplekeF 1. By jkhe
Iterations of pickup

f head,js. . d d th i mber of
in'the t Poecbad TER et 8675 task ABtatmanabor: BROBESHENG (53 L inb ¢ he
fol | owi nGIGEosgY! a KR, TH23Rlird-Bifioth

f . val f
- the greatest of that satisfies Fornula ( )PiniBU\E;'(Smc%l(cg)&eﬁrgg’,tgg —\é?’ﬂlée °

obt ai nedUNhd8 8¢ hialardatearhheuntaxinotim irtemdtdroos itefrapicneBfipickiye &hont
resth o BB i BB ol R orshenepi B o) s v
(Tra'| o PEknedtcse 35308 ierd et USSR il e B Breker
mounting” performed by the line gang pickup heads 3112 other
than the line gang pickup head 3112 of interest (S3131).
[0256] That is, when the maximum number of iterations of pickup of

15  the front head is to be acquired, the maximum number of iterations
of pickup is calculated within the range that the following Formula
(5) is satisfied.

[0257] mounting time in rear head
= pickup time in front head + recognition time in front head
20 : ... (5)
[0258] Here, when it is assumed that the mounting time per
component in the rear head is 0.2 's'econd; the compone'nt"pi'ckup
time per iteration in the front head is 0.2 second, the recognition
time for the component picked up by the front head is 0.2 second,

25 and the maximum number of iterations of pickup in the front head is
denoted by nf, Formula (5) can be rewritten into the following
Formula (6).

[0259] 0.2x420.2xnf+0.2 ..(6)
When the value of the greatest nf that satisfies Formula (2)is

30 calculated, nf=3 is obtained. Thus, the maximum number of
iterations of pickup in the front head is obtained to be 3.

[0260] Similarly, when the maximum number of iterations of pickup
-85- '




5 ... (7) [0262] Here, when it is assuned that the nounting tine per
conponent -in the front head is 0.2 second, the conponent pickup tinme per
iteration in the rear head is 0.2 second, the recognition tinme for the
conponent picked up by the rear head is 0.2 second, 10 and the maxi nmum
nunber of iterations of pickup in the rear head is denoted by nr, Fornula

(7) can be rewitten into the followwng Formula (8). [0263]
n the vaI reatest nr that satisfies

f
Borno 2018 e dihegtits t B8, Serurad ik s leuTnearmula (Aneed bonber

of iterabtyfre®f pickup in the rear head is obtained to be 7. [0264] That
I's, conponent pickup by the front head per task nay be perfornmed in three
i terati oh826rl 1 B¥ayNtiNg &insenipoframt bleakhp by the rear head per task may

be perforned i tions._or Ie Then, the third
conponent rmun% ?f?\ég%)eﬁhgtfé}ﬁ%ﬁ n@eﬂ r%@ gngéaz\ﬁrgmﬁ iNEREN dF3dat the
nunbey of iterat{pps of pickup in all tasks of the Iine gang pi ckup head
3112 of interest is smaller than or equal to the maxi mnum nunber of

i terati oh@26f lpil&ig, whent ienis dssumeathsthatskhe dmoqmsm:gz)tanmepehu rd

: t 308 t

o mum GORRe D 6PE Pt it HEReYCh R BT e ke e HE EBBRSSrkT T P
t he tasktigepeper iioorationerpithe eéawﬁéaaors @l b EEB8nd9aHife R fAdls 3112
(loop B), and thereby deternmines the tasks for the individual |ne gang

pi ckup he 528 fori1the v mppesntrpaked up aycﬁrmglraardeeadum fg2 deeadnd, of the

0L TERR S m ARG Ml a8 kel Ghs A mieKup TR 4N Bre T Rsag B """
three @énbtedqufrﬁc Boﬁwﬂll@ (Phi tant bR nvevRareeof i@MeRE Tt dW Ity

nunbers Tﬁgg@ ng points) are 40, 20 and 5, respectively. As shown in
FIG 6 ‘?)'5 X-he total nunber 65 of these conmponents is divided by

the numbey)§39f0 BIcE 80 NP2 A8 Of the.__f(égnt head, 8 with a remai nder

When the value of the greatest nr that satisfies Formula (2) is
15 calculated, nr=7 is obtained. Thus, the maximum number of
iterations of pickup in the rear head is obtained to be 7.
[0264] That is, component pickup by the front head per task may be
performed in three iterations or less, while component pickup by the
rear head per task may be performed in seven iterations or less.
20 [0265] Then, the third component mounting order determining unit
308c generates tasks so that the number of iterations of pickup in all
~ tasks of the line gang pickup head 3112 of interest is smaller than or
equal to the maximum number of iterations of pickup, and then
determines task order (S3132). The third component mounting
25 order determining unit 308c executes the
maximum-number-of-iterations-of-pickup " caiculation processing
(53131) and the task generation processing (S3132) for all line
gang pickup heads 3112 (loop B), and thereby determines the tasks
for the individual line gang pickup heads 3112.
30 [0266] FIG. 60 is a diagram describing details of the task generation
processing (53132 in FIG. 59) for the front head. As shown in FIG.

60(a), the types of components assigned to the front head are three
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5 of 1 is obtained. That is, when conponent nounting is to be perforned in
a state that conponents are fully | oaded to the eight pickup nozzles of
the front head, the nounting onto the board 3020 nmay be perforned in a
state that conponents are fully picked up and |oaded in eight tasks while
one conponent is picked up in the 1o remaining one task. [0267] Here, in
each of the nine tasks in total, in order that pickup of the conponents is
reliably be achieved in three iterations or | ess, which is the nmaxi num

nunber oKINE2AtAoRsaBE Bi ¥iike sher Rembens ofmﬂpomajtt@séﬁhﬁgnméered to
as "co r r T

o ocoast oh oA IIYING P abEIdc ZBand & A pdIERE" ASHAMATRA TS (o
one conpbikg, wlpenltéwejtotailedunnonE&B@Iflﬂmdsd yoaiponepenast divages, bpnd

then a pluralit orrp nent ta f the sane kind are arranged in the
corrponenkH ﬂHJE‘*{? ngng 5hﬁlfﬁpé‘lt|"!‘§‘/36f ScwidbAditreadndeRe sane

20 coipogent Ié’ﬁ:?oi?&fiﬁe@ ' ok Gg b H'e?#et‘bnﬁ@gf?{elﬂn%odnﬁﬁgl fgl@ lg (c)

shows a sequence of conponents in’ t compo supply uni t ai ned
as a respEfojfmedrrﬁbraeatatmuthatlmpﬁee:stsqoeacm!mdohd@m b theeighoent is
rre nunber. Here, when each

d fied nb f
l:ore}golneln cég}lq n&eZZ,Lfg ;foﬂg% FeR Qe@(ghifh%é'ﬂﬁéiﬁéfﬂ% Qshtle hoakd sdifdnent
di vi si onmiy PerpeFimhenea |hk@%téf@tﬁﬁ’é' B%@ﬁ%ﬁ& F%@?%Itﬁ@% L‘?étarpd ckup

is 3 or less, a sequence of conponents s erm ned.
[0269] \Vieafladsis eightt &8kker wariler eneo coen pogeinteds bpradnuphis tHo

arrange s.an sk order are obtained as shown in FIG 60(d).
That |snp%at“hgh?£ gaﬁgder for the first eight tasks (task 1 through
Lask &) [G2EPONears, (iFamenehithetnide Bskadiftobali Bdoral? tﬁﬁ“ﬁ&%ﬁp of 1,

2, 3 and 4 may be picked up in the first pickup dperation
corrponenft3 stfa%@r@ﬂ'ﬁﬁ@rﬁmt& ISAreilmaleo bieagthipved mnrtlbe‘lee ¢Erat|0215md l8sppy be

E;\C“kﬁg A _nuhggiﬁf(\rﬂg%ﬁhﬁlnu%umg%rrao WBsratichs & S Bic SBGSF HOTROneNt B

head, processing referred to as "component division" is performed.
15 The "component division" is processing in which a component group
| _(one component tape) belonging to one component type is divided
into a plurality of component tapes, and then a plurality of
component tapes of the same kind are arranged in the component
supply unit 3115¢, so that a plurality of components of the same

20 component type are allowed to be picked up at once.
[0268] FIG. 60(c) shows a sequence of components in the
component supply unit 3115¢ obtained as a result of component
division. The sequence position of a component is identified by a
number referred to as a Z-number. Here, when each component
25 type is grouped into eight components each so that component
- division is performed so that the maximum number of iterations of
pickup is 3 or less, a sequence of components shown in FIG. 60(c) is

~determined.

[0269] When tasks and task order are to be acquired based on this
30 arrangement, tasks and task order are obtained as shown in FIG.
60(d). Thatis, in the pickup order for the first eight tasks (task 1

through task 8), components (components A, A, B and A) having
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5 of 5 or a conponent (conponent D) having a Z-nunber of 6 may be picked
up in the third pickup operation. According to this nethod, conponents are
fully picked up and | oaded to the pickup nozzles of the front head by
three iterations of pickup. [0270] Further, in the last one task (task 9),

t he conponent D 1o arranged at the remaining Z-nunber 6 is picked up. As
such, when conponent division, tasks and task order are acquired as
described above, it is ensured that all conponents are picked up by three
i terati oAsNeMpeek@f Whi2h 3 @ndhet maxiynbe picked up [n dhe fisss pickup ckup.

orocessihBere | TnBrls CBfPPOERER. COMOGhER S Re Pade FOnIFANITR, "
met hod i B-sumibers of 1ha 498 Bhedy U gierddspmini th&saco®. pidkughown in
FIG 61(a), the types of conponents assigned to the rear head are two

ki nds ofOREEHAOR. ~ Wh€B, th&€oiiRpaEn tof COmROMPBhdh HAUIAE AvhbRWE RET

nmounti n i i e | I , when
the ot " RublpdrcJubsitefhtcompohERETs) Heflitin S 2 TG arcoR S £,

pi ckup rpicklegsupfin the ttdad piekdip 3p@rabion.r edaicageingftBths abéeiogd. That
I's, when conponent nounting is to be perforned in a state that conponents
25 are fGRMPAHHSIaES fiHly Pickedi er @ thdoades b0 thieepiEal p HeRer |eshel
nmountin 2P r in a state that conponents

- are ful %ﬁ?@i@gﬁup aP& Fﬁﬁ%ﬁ%ﬁ?ﬁﬁt%% ile three corrponrerﬁts are
pi cked U@®2n0} heurtgyer nimghendattskne| 02912] (tdmle,9),nthackonipbhenti e t asks

“in.total, the c nents may, 3qQ be picked up in seven iterations or |ess,
whi 4R TS TRB G, PEIME HEMBURIRg 4 armbas g 18/PISKatEPof ARS dottr WAERY

rovever . Shpthiditedivision " ea8kEam ARERIVoF QUF RECELRLNAF S deUABhen
conponents - are pi cketl ‘up one by one, e conponent’s can necessarily be
pi cked alpowet hit risf ensuireer ahadonsll dbogpopentesaragickiee ngd by dHree

2 eoul TECTAUGRS o BIFRNPL WETEBrBoHaRTEE YTLAUTBELsal (ferationb BF | S

pickup.

15 [0271] FIG. 61 is a diagram describing details of the task generation

N processing (S3132 in FIG. 59) for the rear head. The task

generating method is similar to that for the front head shown in FIG.

60. As shown in FIG. 61(a), the types of components assigned to

the rear head are two kinds of C and E, while the numbers of

20 components (the numbers of mounting points) are 20 and 15,

respectively. As shown in FIG. 61(b), when the total number 35 of

these componénts is divided by the number 4 of pi'cku'p nozzles of

the rear head, 8 with a remainder of 3 is obtained. That is, when

component mounting is to be performed in a state that components

25 are fully loaded to the four pickup nozzles of the rear head, the

mounting onto the board 3020 may be performed in a state that

components are fully picked up and loaded in eight tasks while three

components are picked up in the remaining one task.

[0272] Here, in each of the nine tasks in total, the components may
30 be picked up in seven iterations or less, which is the maximum

number of iterations of pickup of the rear head. However, since the

rear head has merely four pickup nozzles, even when components
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5is determned as showmn in FIG 61(c). Further, tasks and task order are
obt ai ned as shown in FIG 61(d). That is, as the conponent pickup order
for the first seven tasks (task 1 to task 7), when conponents (conponents
C and E) having Z-nunbers of 1 and 2 are picked up in the first and the
second iterations of pickup, 1o conponents are fully picked up and | oaded
to the pickup nozzles of the rear head by two iterations of pickup. [0274]
Further, as the conponent pickup order for the next one task (task 8),

when comPéRINCK EC BRpOABHY% ODCarid EEFORANO AgNtE-qambecessarilydre pdcked

(componen &Y 8L, Falr B AIGRST | PTEGS), Bl s iE e eRERa A nast ne

third it&caniposeot givigion" shommﬂrFHSar&O(fdﬁrhée@lﬁbﬁ%é«l?e%ﬂ@rﬂr@%ﬂed to
t he pi ckw r}%ﬁel\es of he rear head three iterations of picku [ 0275]
Furt her, L4 e shpeRE apﬁﬁfausrkﬁed&ﬂf thetgmpenenhsuppdy umit 3145k 9),

when 3 C@TH@'@EF‘IH'I:ﬁ%‘éf“é’@%‘?’]@wﬁ)inaFf@V#SﬁgcikELFrm‘?ﬁe?f téésnlg %nﬁfgfﬁ?ggae' n the

first through the third iterations o
conponen@seadbtdimdd a8 shedvopirafdd.o6déd )t o THet isj deiphrozahgsonknthe

rear head. thre a i cku 0276 As such, when tasks and
task or dBICKHR QE %h@h’ &bed 's,réE %Hengga%lﬂévé ask 1 sterdasked Lhathan

Comonenéénﬁﬁ@n@h%%‘éo‘r’ﬁPB-‘rﬁeﬁgﬁ'a @r)"’ﬁé{?ﬂ?q %Mﬁ@ﬁggrﬁn@%d (%Nghgh s

t he maxi num nunber of erations pi‘cku
i terati opicksfd pigkupn othehefirstdi andualhe aslesomt itelhatformnt ohegrdcrog,t he

rear. head obtai ned as d ri he bove are in FIG 62 in the form
of a%inECEHPRENTALT &ﬁ'ﬁﬁylmc B YRsxRd 'ﬂ@éje(,ds) \gﬂt@wﬂf’éc'éﬁﬁ nezplaked up by
i terati oftfe pbapi k&HA 19? ﬁv@qa@r@étloﬁgﬁéi}hgﬁc&ﬁan or equal to the maximum

nunber of iterations o I cku at the tine that the
"mount i r{Q,BZBﬂérFa,trtb@rbgasd]m oommnEnmmrcgaumgopdekﬁor hhadse 3t b2chesslbeen

o ckup raag <5182 ReBY co B eREnRE ndGoTRERRE e 6 | HBHOVES oheMRd on
effici elynumbers of 1 and 2 are picked up in the first iteration of pickup
15 and when a component (component C) a having Z-number of 1 is
picked up in the second and the third iterations of pickup,
- components are fully picked up and loaded to thé pickup nozzles of
‘the rear head by three iterations of pickup.
[0275] Further, as the component pickup order of the last one task
20 (task 9), when a component (component C) a having Z-number of 1
is pICked up in the first through the third iterations of plckup, the
remaining three components are fully plcked up and loaded to the
pickup nozzles of the rear head by three iterations of pickup.
[0276] As such, when tasks and task order are acquired as described
25 above, it is ensured that all components are picked up by seven
iterations or less of pickup, which is the maximum number of
iterations of pickup. '
[0277] The numbers of iterations of pickup of the individual tasks for
the front head and the rear head obtained as described above are
30 shown in FIG. 62 in the form of a time series. As such, in all tasks,
the components can be picked up by iterations of pickup of a number

smaller than or equal to the maximum number of iterations of pickup.
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5 [0278] As described above, according to the processing perfornmed by the

third conponent nounting order determning unit 308c, the nunber of

nounting points for the conponents are all ocated based on the ratio

bet ween the nunbers of pickup nozzles of the line gang pickup heads. Thus,

t he nunber of tasks can be al nost equal for 1o the front head and for the

rear head. This avoids the situation that one nounting head solely nounts
head stops. That is, the two nounting

conponent ile tg 3t her HEUB“'D ] st ]

heads can I 2t ﬁS Y Ehakdheon® Buakingi' rope catdper by exh ermfridre |ifle s
i mproves d ' fH Ad : 0 F cc ipg to this,
Cont  gur S IRFERDD Reddy P2 as OBREn tiiereRr THIE Hhddpkidld

mount i ng AREI@ teiiosbeampfioemed by ltheobbleer imaigang peeruponehet 33 1pi ckup
Thus, at the tinme that the one

?Pﬂer Séﬁ%@néb%ﬂatpa‘*ﬁ?gﬁ*ﬂé%ﬂEh@ﬁ%&? ok nitﬁzfmﬁﬁamesr@ro%@ti@m efificierecyt her
ol oy Th e T ohady PEEDEAIP B U proREIHh B B, 1 ng
order deP¥r Hiddhitsh cerppemenenountindprdes détednioimepnarit Iogat itRe or der
ovent 1 onufaBel ot AR AR, REFRtS ROC thet et mwnenks 1anecallpsagell based
exanpl e, onnthdea dilkoetwerlr @lﬁ'@q”l@Pfﬂi@s_eofﬁ@kuﬁ%ﬁ%ﬁég%ﬂgﬁagggﬁa up by

“the pickup nozzles provided in each |ine gang picC been
assunmed PECK}éO JiRAds. cdifpimetihe mamber afstedks sarebeThlimostaskaandse been

t | Li t 149] ts to b I cked b
Phe 01 meherBt R Snebr s ihs RarchRaR 1 of bireaKaNEe therS sHakian Abekl os.
However,oha pneohitiey heaponrejlksy Ofnd@ﬁ@yéoﬁﬁ@eﬁﬁ’ WHldda% otR8r -

- - Thus,. when Targe conponents are inc I Sone cases,
i nt er f er Y HBOWRBA Gt HORDp IRt is, ddre twws mmaustinghiesds haih ngegpenent s

of a -nUfﬁ&hpf‘d’ﬁ@rHts‘:Bnttﬁeoﬁ%'%ee{raofn gic%(clf epé)tzezlerr?anner. This improves
production efficiency.

15 [0279] Further, according to this configuration, tasks are obtained
so that during the time that one mounting head mounts components,
the other mounting head completes pickup and recognition
operation for components. Thus, at the time that the one line gang
pickup head 3112 completes the "mounting” operation, the other

© 20 line gang pickup head 3112 can start "mounting” operation without
delay. This improves production efficiency.
[0280] The component mounting order determination method
performed by the third component mounting order determining unit
308c has been described above. However, the present invention is-

25 not limited to this method or the like.

[0281] For example, in the aboveﬂﬂenﬁoned example, the
~.components to be picked up by the pickup nozzles provided in each
line gang pickup head 3112 have been assumed to be small
components having a small size. Thus, tasks have been generated

30 on condition that the number of components to be picked up by the

line gang pickup head 3112 is equal to the number of pickup nozzies.

However, in practice, components of various sizes are included.
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provided in the |ine gang pickup head 3112 cannot be picked up. In 5 such
cases, the above-nentioned processing nmay be perfornmed based on the nunber
of conponents that can actually be picked up by the line gang pi ckup head
3112, so that the tasks may be generated. [0282] Further, in the
above-nenti oned exanpl e, conponent o0 nounting order have been determ ned
for the case of the |ine gang pickup head 3112 provided with pickup
nozzles aligned in line as shown in FIG 48. However, the shape of the
mount i ng TR&Sd WhEBt large t eamponants roe elwipded,a imot apnecadsesy be

d i h ' ' 12...15 [10283] FI.G '
ised |1t et 9398 BB RIS AR ol PTG ks, o,
nmount er pompaiednts tdf @ muimbermheaflal vol tieshumbaseoBCkud nozzles

transportatio ath 3401 that is arranged _in_the center part of the base
3400 ancP{puidad ihdpe e arnpsckionasad 3 hé2un aob mop ckes Mionehn

supplzy ugj kR 3 En e L L f .eed 3402 installed
in an5yal %%’gdéﬁgﬁ%’erméénfe\ﬁqyghméglﬁj%%ﬁegg %’Itcﬁc%gﬁsf'ﬁgngéggf %%oﬁﬁ%ﬁgﬁ%t?ga
rotary heased4ms thieanuneberash sonoppneens s Hatosa i hectacTPp RN icked! vp uni t

3403 and tgans[.ers and | oads them onto the board 3020; a recogni zing
canera 28Y34d8 tRSt GANDRIGED PEaR thel Bel oy, thak e snackesl up by
t he rotggé{n@g@&@AOS; an XY robot 3407 that noves the rotary head 3405 in
the XY directions; a discarding tray 3408 to which conponents are

di scar del}28A8 &urbhere Bt athen A409ethmntiohds eRanyghdl ecoimpamenpzz! es

for the rotary head 3405. 30 [0284] FIG 64 is a perspective view of a
ot APy R Ting Cree” Raive Derind chaoaingsl Bor FhelCasb N |08anmd a

N st R A T T
same furkhown, in REGst48ict itawelerhthéistsd poasfdthmirhoudvdsg hisaddkahot
S b‘?ﬂnli)teéao\fvo this. For example, a rotary head may be used in place of
the line gang pickup head 3112.
15 [0283] FIG. 63 is a top view of a component mounter provided with
a rotary head.

The component mounter provided with a rotary head
includes: a base 3400; a transportation path 3401 that is arranged
in the center part of the base 3400 and that transports and positions

20 the board 3020; a component supply unit 3403 in which a plurality
Qf tgp_e feeders 3402 are installed in an aligned manner and which
supplies plural kinds of co'll*"nbd'nents; a r'otary‘ head 3405 that
extracts components from the component supply unit 3403 and
transfers and ioads them onto the board 3020; a recognizing camera

25 3406 that recognizes, from the below, the components picked up by
the rotary head 3405; an XY robot 3407 that moves the rotary head
3405 in the XY directions; a discarding tray 3408 to which
components are discarded; and a nozzle station 3409 that holds
changeable pickup nozzles for the rotary head 3405.

30 [0284] FIG. 64 is a perspective view of a rotary head 3405.

The rotary head 3405 has a first head unit 3405a and a

second head unit 3405b which are installed in parallel and have the
-9 -




[0285] The first head unit 3405a includes: a fixing base 3410; a 5
plurality (six in FIG 64) of nozzle raising and | owering notors 3411
arranged on the fixing base 3410; a plurality of pickup nozzles 3412 that
pi ck up components by suction and hold them a pickup unit 3413 that hol ds
t he pickup nozzles 3412 in an attachable and detachable manner; a
plurality of camtubes 3414; and a B-notor io 3415 that causes the pickup

nozzl es 3412 tq rotate about an A-axis or an A -axis. [0286] In the first
head uni #@ %53“}?&?% the SAB6Ge. HigsE orfiend st WOHsur arepyunitst uBawing

[ evolvi nepPReKAtiaRa | pithiehea Bl AELBH. The BEu YUALE tife Hirdhi FEdA ipg2! e

3412 rotate about the A-axis in a stat 1E£5 hat 't hel relatlve positions
are mai nB4i0%adis Fidaly U%mibﬁ@ﬂ)elmzl e 3412 having noved to the inmmediate

d f 3 d d b
under 1 (898508 EL 740 B OURSA N IBNRE. 4 Y S RS Y 00
| ocatsed prurahryi (ﬁTRd'rﬂFPGO\@i) oFLHdihQé ra/lfﬁgﬂg thed %Weern% th%o?é’ Fppponent

pi cked up by the pickup nozzle 3412 is to corrected, e pl ckup nozzle
3412 i s Potateed shvtibetfiing b@;&es3é310/|atmerafltyrcﬁ’vplchumn@aeﬂm i3HL Df t he

For cne e R it At e 0P 330 SHTEh ERAch 62 Thdth’ o sk umeesr 25

pi ckup r®41Beghate hpayi @né @ndkabahotzfﬁeﬁl gl Wzér‘ifs%?cfa&?éﬁ]eseé n the

sane direction are rotated. However, the structure may so that the
pi ckup réetachalble sagnnest @ rplwraliay| of danndidres B4 ket iamd a &-enoboat ed.

3008 s doatiinge ks the PiehiBoidhiias 473 88 etBle Soulh SRk "and

have t hepisameAfdadsi on. Then, each of the first head unit 3460a and t he
second head. unit 3460b may i ncl ude: unit outer frane 3461; a sub head
3462 at tlAH4RA] 116 { h@ lﬁh”Stt beadr um923495ﬁehmmgl hhe abower menaticaddws it

sub nead 5465 BRI R e dH YevaRkla ABTHAR of hK BonbR aha ot ng
t hem a plurality of plckup nozzles 3412 rotate about the A-axis in a state
15 that their relative positions are maintained. Then, the pickup
nozzle 3412 having moved to the immediate under of the nozzie
raising and lowering motor 3411 moves downward by virtue of a
pressing force from the nozzle raising and lowering motor 3411
located in the immediate over. Further, when the angle of the
20 component picked up by the pickup nozzle 3412 is to be corrected,
the pickup nozzle 3412 is rotated about the A'- axas by V|rtue of
| revolvmg operatlon of the 8-motor 3415.
[0287] Here, the above-mentioned description has been given for
the case that the rotary head has a structure that plural sets of
25 pickup nozzles are provided and that the pickup nozzles of each set
in the same direction are rotated. However, the structure may be
so that the pickup nozzles of each set in mutually different directions
are rotated. That is, as shown in FIG. 65, the rotary head may has
a first head unit 3460a and a second head unit 3460b which are
30 installed in parallel and have the same function. Then, each of the
first head unit 3460a and the second head unit 3460b may include:

a unit outer frame 3461; a sub head 3462 attached to the unit outer
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depressi on mechani sm 3465 that | owers the pickup nozzle 3464 5 | ocated at
the I ower end position of the sub head 3462; and an i mage pickup unit
3466. [0288] Here, as in the case of the rotary head shown in FIG 65,
when an i mage pickup unit 3466 (conmponent recognition canmera) is provided
bet ween the pickup and the nounting of the conponent, 1o conponent
recognition is conpl eted between the pickup and the nounting of the

comnmponen u {N: SUC ration _of , conponent recognition is
per f or negraaﬂéegzitahle'@i%c E&%"ﬁ%i?ﬁé’tt;?e'é%’%uﬁ tq ﬁ‘éVQ&YT%oﬁeﬁ?BB?F?ﬁquE?W t hat
that thentotgro3ers3 ithatodeildo thberotauiohi 68 thessubORealh3g g oyigRgpa
feature that the_conmponent the 15 recognition tinme can be disregarded so
that t heNREHES néﬁf{%taaa PiGk MRkGPMPEBERIs BT ehaldiey ashem uadly the

o g o the it . : . )
PrG b J8pkeRSho thi¥hnanidin | 38 6 tha e ChiE ot hO R RS R B 40, g
the ti neladededrat thentowerhend positisncofpbhensgb hbad2348heram@uahi ng

head conpl etes pickup and.recognition operation for conponents, it is
pref er agﬁ'@afgﬁap'qlﬁ‘épdﬂlﬂﬁegd%%-corrponents to be picked up in a particular

ti I nt [ d f head.

tere, the Rae] ATRIEINOthe Kadd O ERE rd¥y ARas Dl WP ebBenr

head andwih@n aineiraget phdadp W26t [BEEO]( cBintp obke ritsrecd g oiki shardmeeagisbi ng
S3111 in FIG 55) in a rotary

details of task, ,determngtion processjng ( .

head. ;[B&%‘i‘]ﬂs@ﬁ@% ‘?%nc@?ﬁ)&HGEPpnﬁﬂﬁt Fﬁ@ Brentingt ef ihs AgNMupPNERdac
det ggm r RS i I [ | of,. .t he
conggneﬂfé;rg clgupnigrr}%eéa@gllﬂtt?gﬂqissEgaﬁgféttey]%%%eﬁ%fIB %ﬁq (e)érﬁgi Q?% of
t he conpmeamtipgeatiphefcamparndrer. hFhdis( I814ash dhbse, pheceperatiorsof

e 6 GHMERRE R} BBF 8o 0BRGP e AR ARGPRHUP 140 EIERR Ut | on
L orett g SpPponEnt AR (MRS EPherE MIE! sy,
Thus, dunowptiRg position. his provides a feature that the component the -
15 recognition time can be disregarded so that the mounting time and
‘the pickup time can be regarded as mutually the same.
[0289] Accordingly, in the task determination processing (S3111 in
'FIG. 55), in place of the approach that tasks are acquired so that
during the time that one mounting head mounts components, the
20 other mounting head completes pickup and recognition operation for
components, it is preferable that the number of components to be
_pkked'upin a paﬂknﬂarthné'ﬁﬁervalisrnade equalforfher@ar
head and for the front head. Here, the number of pickup nozzles is
assumed to be equal for the rear head and for the front head.
25 [0290] FIG. 66 is a flow chart describing details of task
determi_nation processing (S3111 in FIG. 55) in a rotary head.
[0291] The third component mounting order determining unit 308c
determines tasks and task order so that the number of iterations of
the component pickup in each task is equal to the number of
30 iterations of the component pickup of the other head ($S3141). This
processing is performed for all mounting heads.

[0292] FIG. 67 is a diagram showing an example of task order
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time that one nmounting head nounts conponents, the other 5 nounting head
can pick up conponents. This inproves nounting efficiency for the
conponents. [0293] Here, FIG 68 is a diagram show ng an exanple of an
undesirabl e task order. For exanple, in the task 2, the front head picks
up four conponents, and then nounts them However, at the io tinme of the
mounti ng of four conponents perfornmed by the front head, the rear head

need pic -] ; n has. a.,problemthat the necessary
(e Gur 20t Th ARG wilB K e CRin BB BroGRbF e SHOWE Thr on
head. HoW@Gero6whevs stheh, mlzeh Bésk aske rismdeot RebPatidis sRMEcRIpTYCh as
possible in sk as descri bed above, such a problemis avoi ded.

ach 5ta
[ 0294] Tﬁﬂé’qﬁe‘g?ru'ﬁéei é’ocmt BeRed ad\ibAor nthendegdsbead. t hEhusnalyidng theckup
head 311@ RAROVHARd WM Lh e C I tion h s, .Lhe
"r ecogni F'ir@% ;tih%gt idr(r'%hﬁ??gnqiiieagar".enﬁgﬂ%ﬁtsgb@mﬁ?%%e?%rr‘?ﬂif’&r( 1)
and tihe mevobimg ihead ican ipick hep reamp@fehend” This Faipid wed Fhoeaitihg
di sregardﬁg.. 029% Hﬁre, even in the case of a rotary head, when the
conponenf 'Féfb@hi [ SRECERBIRONENESt instal l ed, conponent recognition need
be perf [ t t they r e .S DV, Ition. where
the conmp ng??]r?c%g%i ?:itI;Gri I?Zgrre'trsa%l sa)ﬁa?r@%éa Igg'qvi]n@eggSE%gﬁB@ﬁ%n& n%'?mter,
during tbbdeshen e tesh didepi dampexadnphe, imihet tagk o, teeFesattiread
However, even in.this case, tasks %‘na_' task order are determ ned according

i

to a metREKSHRIIGHT toMBRRENERoARd Hen anogetsdham: tHewriverabthe
S| caimetof MR egpanenl, ot FAUP O ARS RaTorA) 60 RUFPEL o
t he abovieeadnttheneea elargd o ded pheleruplesghithesmpiogrentss sadehéhat e
ot ckup rbaEoBER RAEERaEctnenty Eug GuradaRuisdRnasminan thatef (et ne
case t hatoiipoMerbem & nbingUPy "eRE &FonitS Hidd e eflowaDd  t NGhRHTOES e Of
pi ckup nozzles may be the sane. !
number of tasks is made to be the.same as much as possible in each
15 task as described above, such a problem is avoided.
[0294] This feature is obtained even in the case of the line gang
pickup head 3112 provided with a component recognition camera.
That is, the "recognition time in the front head"” in the
above-mentioned Formuia (1) and the "recognition time in the rear
20 head" in Formula (3) can be disregarded.
[0295] Here, even in the case of a rotary head, when the component
' recogln'i't"i'oh camera is not install'e'd, component retognition need be
performed in a state that the rotary head is moved to a_'position
where the component recognition camera is installed in the
25 component mounter, during the time between the pickup and the
mounting of components. However, even in this case, tasks and
task order are determined according to a method similar to that
shown in FIG. 66 so that the number of iterations of the component
pickup in each task is equal to the number of iterations of the
30 component pickup of the other head.
[0296] Further, the above-mentioned example has been described

for the case that the number of pickup nozzles is different for each
~ -94 . '




[0297] Further, in place of the configuration that the conponent 5 nounting
order determ nation processing is switched and executed as in the
operating tine reducing apparatus 300 in FIG 2, the conponent nounting
order determ nation processing perfornmed by the third conponent nounting
order determning unit 308c may exclusively be executed. io [0298] FIG 69
I s an external appearance view showi ng an overall <configuration of a

ti ' 3 ' I S; [ i gn. 0299] _Th ti | i
3010 1 59 priRuet o Rt IHED FaBE: 3112 cortinenel IPE ibhen™
during thevenbior ot hiembtead to tBe2fhdes thadnbpat i athér ofmpibieuBRsdZ Aed

unting. line 3010 includes: a conponent

t owar d the(ﬁp stream ig The rrB .

mount er 3160TTEAREL, ANAERE RYNBPBEOTIBIEH YR Morzigspman be thecsama., at the
tart of f ' rith | eral [ It as
L on ORI Snetr 161y SRESEAPRRRNN  ORRE NG EERpo LT
conpohentBobasied) andesr detsr an abiase progadsirtgns dwitchads ahldeeR@cabedi ned

NC ( Nurer.i c.Coa_tlroI% dat.a t(%.the coypagnent nounter 3100 so as to set up
and cont 3l 't 03 @]’aahf‘é oG & B8k AR adMSs RAR g £ Cexnplhey

conf | gur gbhPBoAErt MRAIHIAG BFIEF dIRCRRTrIRSn BRAALYA 3380 AREY "9 O

an enbodi nent of the prese I nvent1 on, ant1ng r
det er m nthg tpipdr abospesemts meantind| Gdé9.detErinsimmgntimy 808er may
a conputer apparatus that determ nes the

det I Nj t 3300
cgnggnmeg}?ggllgaggﬁm%%ﬁ%ch sub- equi prent and the mounting order for
t he OMPPOROBY FIGEF issaw-@sﬂférmmnéﬂgégréh'cecﬁ? "SRbHIRGCYhEPe AR 2

CAD appar atus “30 for conponent nounti r the Tke so I'ne tact
in conpeasfiguradinn of afmomntinggknebd@dd awingridds asinfigoratioong t he

mni m zetD aagdr Wik | QB | EHR e E R e pond e Fingat Kbrghidh ¢ he
like of énditroduaopppandirtacara@vhbitter HIPiMG ARCHIAB IHdetheahdatder eby
generates optimal NC data. The nmounting order
3020 is transported from the upstream toward the downstream.
15 The mounting line 3010 includes: a component mounter 3100; and
a mounting order determining apparatus 3300 that, at the start of
production or the like, determines mounting conditions such as the
number of beams to be used and mounting order for electronic
components based on various databases, and then downloads the
20 obtained NC (Numeric Control) data to the component mounter
3100 so as to set up and control it.
[0300] FIG. 70 is a block diagram showing an exemplary
configuration of a mounting order determining apparatus 3300
according to an embodiment of the present invention, that is, the
26 mounting order determining apparatus 3300 shown in FIG. 69.
This mounting order determining apparatus 3300 is a computer
apparatus that determines the components to be mounted by each
sub-equipment and the mounting order for the components in each
sub-equipment for all components provided from a CAD apparatus
30 for component mounting or the like so that the line tact in
component mounting of the target board (the greatest tact among

the tact values of the individual sub-equipment making up the line)
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determ ni ng apparatus 3300 includes an arithmetic control unit 5 3301, a
display unit 3302, an input unit 3303, a nenory unit 3304, an optim zation
program storing unit 3305, a conmmunication I/F (interface) unit 3306 and a
dat abase unit 3307. [0301] The nmounting order determ ning apparatus 3300 is
| npl ement ed by a general - purpose conputer systemsuch as a 10 persona
conputer that executes an optim zation program according to the present

i nvention, In.a .stglie Wt connected to the conmponent pounter 3100, the
mount i ng DNAEH MY&ES HASTgYaBigtr BEEY 18400567 Yasddr ¥ dhesshesifigatiansne
si nul at opr(the ARl 6PN R | | BREHARY ,
nount i ng grder 15 getlggﬁ?ni ngeé]a%gg‘?g%%é%%éﬂﬁ%qﬁg%h@spﬁ?ggilﬂdsﬁgg’t he
conponen@ndndifr@by [ 9g80gyathe aptimabt NC cdataol Thiet rABUhtisgaoCaer

Ce | P ' ' i cal . the like. In
ccor dandStar FIRLE pREAgrulon T TiiuesSeat of fsfmeRC: FREfromanit
ari t hyret BOdgna rak pley tur?i@ 3302, laoadspat MRAESSATY, arﬁﬂirﬂﬁi‘rv@rﬁﬁttg%gz;,

optim zation program storing unit 3305 to the nenory unit 3304
execut esaNt 0PSINAEZaGoNc GHOGsE M hetamagy uaikl 3 305t sa 33om mondcadoinn 1/F

d ] : [ L. J0303]. I spla nit 3302 is a
CRT (ot e ERSE s S50 B S AT U sk 7 s Spi 2y) o the |1 ke
whi | e thEOBOPRGt Thet ARHIntiHEA okﬂléboadé'teﬁnﬁf@wgg t%ﬂ:?bér"hﬁtdé kg3gkhegg units
e betwe

- are used for interactive operation or the lik en the nmounti ng order

det er ni niMAB'amtadisb 8380 ganeral-pREPaser conpltenesystemolsueh ahea

LT BRI ComtBbeP s sARARER e FIR TR 8hal Srtphng*® '
conmmuni ciad i bime apdretsemt |inkeredmeen Irheantatenthor desnfelcesd Hodthe

apparatus 3300 and -96 the cgnponent nounter 3100. The nenmory unit 3304 is
a RAM (FRMdN Rk edbowHsty) 3d0Q hethekemaisntipgovioddera aet&iminirea for

the ari thgphistre¥36b $8HeSddo as a stand-alone simulator (a tool for
component mounting order determination). Here, mounting order
15 determining apparatus 3300 may be installed inside the component
mounter.
-[0302] The arithmetic control unit 3301 is a CPU (Central Processing
Unit), a numerical processor, or the like. In accordance with an
instruction from the operator or the like, the arithmetic control unit
20 3301 loads a necessary program from the optimization program
storing unit 3305 to the memory unit 3304 and executes it so as to
“control the individual units 3302 to 3307 in accordance with the
execution result,
| [0303] The display unit 3302 is a CRT (Cathode-Ray Tube), an LCD
- 25 (Liquid Crystal Display) or the like, while the input unit 3303 is a
keyboard, a mouse and the like. These units are used for
interactive operation or the like between the mounting order
determining apparatus 3300 and an operator under the control of
- the arithmetic control unit 3301.
30 [0304] The communication I/F unit 3306 is a LAN (Local Area
Network) adapter or the like, and is used for communication and the

like between the mounting order determining apparatus 3300 and
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[ 0305] The database unit 3307 is a hard disk or the like that stores, 5
for exanple: input data (such as the nounting point data 3307a, the
conmponent |ibrary 3307b, the nounting apparatus information 3307c and the
nunber - of - nount i ng- poi nts informati on 3307d) used for the nounting order
determ nati on processing performed by the nounting order determ ning
appar atus 3300; and nounting point 1o data generated by the nounting order

3505 15 2R GTAPSR EnHOYNEF et LABr ouEN BT SR A b oW AN
|1 eeni Retfofiiideds. Merhrg) B RhENAKA! AL $F601 A1 0 %y GAOH 23300,

The optimzation programis a program that determnes a nmounti or der
for the arghrastid soobralt wndt 83 Fr.om t he nounting order deternining

r the ¢oideArthmatic he ot
or ocessi g a1 TRataEdhpEeldaftey 07, naid, Bk betee ks Hia% peores,
ar it hret For exirmple umpuE Il (R3PEE 1Bas Ao GRLIAY heist BhBdB 367 datpest or ed

in the database unit 307, the nounting order” determ ning unit 05c
acqui r es CoOmDANERY diHa@aTY 0330Fb, cshpormeiuntsngt eppatatusoumfonmation f or

or der aeeai 62l Ene gl ofanbulrd BhSRBLE S ipEratipn 33BAdRuged: pe
third cofpomhet nTeunting cpteerdEirireh M 24iBe gggkesigﬁ]gf%?fofmlbg{] gﬁ@” h

Conponent Mounting Order, Determning Unit 3 conventi art,
met hods BIOWB{EMATdey detgomdningnappairatusr3800f oandoomintingpmumimént s i n

Lat oV bpe 8B adera i 1 e PR R RE2 R et Mg R P Foce SSFeR: “years
wi th propd88s joThel a@trmmmbanp'r@grmrggbmm@qaﬁﬂl%%o@ e Hae oqgl?gonent

nmount er s, have been -97 prepared in which two snal oards are carrie
si mul t ankldRk| $LGHRD varigsprrtimizatinkr pragramenthat eimpdepuerht thar e

mount ed AR GioANGF RATE Hn otHIPRY S e Pl tERHINHGH g8 b Bat BEu S1$h oS OpRaent -

optimization program is a program that determines a mounting
15 order for the components, and is constructed from the mounting
order determining unit 3305c and the like in terms of the function (in
the form of a processing unit that expresses the function when
executed by the arithmetic control unit 3301).
[0307] Based on various kinds of data stored in the database unit
20 3307, the mounting order determining unit 3305c acquires
mounting order for the components so that the mounting time for
the componehfs onto the board 3020 is minimized. That is, the o
mounting order determining unit 3305¢ executes processing similar
to that of the third component mounting order determining unit
25 308c.
[0308] [Fourth Component Mounting Order Determining Unit 308d]
In the conventional art, methods of determining component
mounting order for mounting components in a short mounting time
have been proposed (see, for example, Japanese Laid-Open Patent
30 Publication No. 2003-37396).
Further, in recent years, with progress of size reduction in

mounting boards and the like, component mounters have been
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[ 0309] However, in the conventional conponent nounter, after the 5 board
had been carried into the conponent nounter and stopped, conponent
nounting has been started. FIG 71 is a diagram schenmatically show ng
conventional tinme course of board transportation and conmponent nounti ng.
In the conventional conponent nmounter, after the tine (referred to as a
"board io carrying-in tine", hereinafter) T necessary for board carrying-in
has been el apsed, a nopunting head sequentially perforns pickup and

mount i ngPEEERAEALID ¥thichetWanpHadhboars seatd adsied shu!tapempeherinto

nmountin C@d‘lﬁlﬂj | [ | i ed.
Thi s hagacaus ao'gé%fmiéﬁ?%wrﬂé%@ﬁiﬁrﬁ ?@ﬁl@%ﬁ%ﬁggéﬂgﬁ@t :ngbgéy
erre, thenmbbairdglimnfsraamm@oeemtommwgﬁt? tree rkuthrdregomp@nenti e][ at ihon
of a rep sgries of operation conposed o i ckup and nounting of the
conponenf@gﬁgr]f @Pr‘Pé%V%EI ’r{)ﬁ@erﬁﬁfh‘t’?ﬂ 'Or{kaalaﬁompﬁwrélz MRAPVERY, ehkerohie
iteratio f-dSREHE D ib@INg 3 Fexy o WY '

descr] beg oon O RS e O R mo g b Sthugfea,
conponen€ORbRODENY ondenting} lesebearedstwirtadt he Fa&suit iisn a hdibgeahny one
board is_carried in. Thus,.if the_ invention described in Japanese
Lai d- Open® P@%‘i'caﬂbfbl SEW B No?oﬁl?f@@f%%% 36@?’13 ag e t 08 BApEhent
mount er g8 rifp Grtiaish t Bald td@nméﬁtah%aﬁfmr%?d | [h StRul Wﬁ%ﬁgﬁna?n

optional sequence of conponents in a conpone supply unit coul d not
necessarf0mpenenpt aimednt&hi safiedl dheauime hérefeivedmtaf as a ntheasd in

the tact 1] in.c opent nmountin nto the bqard. 311] FIG, 72 is a
di ad®am rsrgﬁpgi'%?{'tﬁg a@&y&:%ﬁﬁﬂrﬂg&%@%ﬁaﬁﬁ@ﬁioaﬂ{ Cayby \didReidgal | y
shows anmpeBhek f ) i YHpnent
mount er 4100, _%5@%83 é@gglngggg aﬁgaglgggegrmg@g ri eg%{rmé%qci@pgne

mount i ngTHEHdtingogopenatipnc kel uphe omesnponeritsorint eaclmtasént sTppbky unit

¢ bnmonar N Eat MaBPETRIEBLAGTRE AHBER SRR 30BN SFERE bodRd
is completed. This has caused a problem of reduction in the
15  production efficiency. Here, the task indicates a component group
to be mounted in one iteration of a repeated series of operation
composed of pickup and mounting of the components performed by

the mounting head, or alternatively the one iteration of series
operation.

20 [0310] Further, in the invention described in Japanese Laid-Open
Patent Publication No. 2003-37396, component mounting order is
determined with the assumption”that oniy one board is carried in.
Thus, if the invention described in lapanese Laid-Open Patent
Publication No. 2003-37396 were applied to a component mounter

256 ~ of a type that two boards are carried in simultaneously, an optional

'sequence of components in a component supply unit could not
necessarily be obtained. This would cause the problem of an
increase in the tact time in component mounting onto the board.
[0311] FIG. 72 is a diagram describing the above-mentioned
30 problems. FIG. 72 schematically shows an internal upper surface
of a component mounter. In the component mounter 4100, two

boards 4120a and 4120b are carried in, while one mounting head
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4120a and 4120b. Thus, for exanple, the conponents to be 5 nounted onto the
boards 4120a and 4120b are arranged on a part (referred to as the
"conponent supply position", hereinafter) 4118 of the conponent supply
unit 4115. However, the mounting head 4110 operates so that after al
conponents onto the board 4120a have been nounted, all conponents onto the
board 4120b are io0o nmounted. [0312] Accordingly, in the repetition of a
series of operation conposed of pickup and nounting of the conponents by
the nourftihl PEKS ¥P1EAMPOREdSHHsenthevcor pgnent osupplybaarit 44130a,

wh h | Lt 4 [ ' 15
moverent Ararotits 4l oRIRbhiits: ohte) Tae bOREHEE4 D4 iad ot anti
di st ance Hére,heonponengs hefath ¢ Kfmaet t\ﬁ[blésteirféen%un@éﬂp@ﬁ?é‘tth@%ﬁairﬂg ont o

t he boar Oa beco mal |_.. Thus, the tact tine at the tinme o
corrponen%ﬁ@ﬂt PRE o‘ﬂfgoghe e far2exasepterstheetompanents , tai bee the

di st ance r 1 t nt _suppl osition 4118
sl o go, TORERED bfo the PO oA TR R A AT R e T ERY BB et <
onto théretamrediieGs beechesmiprraent Sopplytpesitash” | hekediafies) t4 g of
conponentf unting onto . the bﬁard 4120b becones |l arge. Accordingly, the

tact time ecgg H@HF%EHPP Yy Whitod L& - t vidons vemartde Meoating HE20b
oscoms e e s e oM BBIERLE b 842y o

production efficiency.
conponenhaveulidery mouetedetal ncohmpnients 308t | Bhé ObpEPMi de ) §0gpeNent

rm.un]gd/ngm rdEr determ nation nethod in which production efficiency is 30
I mpr d ‘?5 (]i The conponent nmounter controlled by the fourth conmponent

o 1AL27E20, FRGICN L Fepert ) SRS B pperdbailos
cut out CeBIRGeRdi 0§ pickdp iandhoveunTing cofptinentompohent410, i ghan
mounting head 4110 in the component mounting onto the board
4120a, when the component supply position 4118 is determined so
15 that the movement distance of the mounting head 4110 is reduced,
the movement distance of the mounting head 4110 at the time of
component mounting onto the board 4120a becomes small. Thus,
the tact time at the time of component mounting onto the board
4120a becomes small. However, since the distance between the
"~ 20 board 4120b and the component supply position 4118 is large, the
_movement distance at the time of mounting the components onto
the board 4120b becomes iérge. Thus, the tact time at the time of
component mounting onto the board 4120b becomes large.
Accordingly, the tact time of component mounting onto the two
25 boards 4120a and 4120b becomes large in total. This causes a
- problem of reduction in the production efficiency.
[0313] Accordingly, an object of the fourth component mounting
order determining unit 308d is to provide a component mounting
order determination method in which production efficiency is
30 improved.
'[0314] The component mounter controlled by the fourth component

mounting order determining unit 308d is the component mounter
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apparatus that can be incorporated into a nounting line and that 5 nounts
el ectroni c conponents onto a board received fromthe wupstream and then
transfers to the downstreama circuit board which is the nounting board
onto which the el ectronic conponents have been nounted. The conponent
nmount er 4100 includes: a nounting head 4110 that picks up and transports
el ectronic io conponents and then nounts the el ectronic conponents onto the

board; an Erf_(r)[té)ot 411 g:ai noves the nmounting head 4110 in the
hor i zont at L PP HEOW B ilShsl- and a conponent supply unit 4115 t hat

suppl i es [0 o) tg t [ n‘ﬂ:?@ﬁi re, a4 Antie [ e,
thgpcorrponents];ggpflql;@i{rs]li'té) 1?@ (?E‘HQ%O% I'n aeégiﬁguolﬁﬁeﬁe?%go '%SC%Q\?S‘HM.
[0316] Scithiéaltsyinside iorglvrwnt nboat eomiofens moontdred t0Gtis aan
nmount ont d i ki nds._of electronic _conmponents  ranging from
i cro cor%’g)cpslae%CE % Bﬁggn‘ﬁ%it%?s',nCQﬁBOir?g%dnﬂ{}ﬁt & MeYUFtinGAing @itd &Qfﬁe-si ze
el ect s onimooapoetattr-oficl@oMpsALaite 2htedf A%SSF% FEEEA At mNeRgd

conp

conponents such as switches and connectors, and | onents such as a
QFP (QuadtPataeapackagefheandransers( Bal ther ddwnstrdam| @3 LTicit Ghoaddi s a

ount or 4TS 08 R e RCb BRI EF 1iaint BhE eteitdrobig shonpoRsMiser
4100 fur hiaefe ibedmidefiuate@ZzIThSt @ mPbrida® Pbkigh zﬂ"[?@gﬁﬁ%aeﬁozy es

are placed that are attached to the nounting head 4110 in an exchangeabl e
manner sHNOURENGohgacentd 16k that opicks zep napdbdrhaspiorts edétiroizl t hat

30 e ' r | wo, bgards 4120a and 4120b;

mountt ng Par 8TERSe an g TR as ihbr8 s bie aua st s onteofhand
4120b ar bopkdgerh a0 rebect4 PO IANAANAS $hal ¢ ourd@Rg"REALSS L hefepRe and a
corrponenh@c_ol | ecting apparatus 4123 that collects a“conponent when the

el ect r onler Y R NEadiiRrtieRs; andkegonppanentaupplysuaif ddiits that
supplies the components to the mounting head 4110. Here, in the

figure, the component supply unit 4115 is shown in a state of being
15 covered.
[0316] Specifically, the component mounter 4100 is a mounter that
can mount onto a board various kinds of electronic components
ranging from micro components to connectors, and is a mounter
that can mount large-size electronic components of 10 mm square
20 or larger, irregularly shaped components such as switches and
connectors, and IC components such as a QFP (Quad Flat Package)
and a BGA ('Ball Gkid"Ar'ray). | -
[0317]
FIG. 73 is a plan view showing a major configuration of inside
25 of a component mounter 4100 according to the present invention.
The component mounter 4100 further includes: a nozzle
station 4119 on which changeable nozzles are placed that are
attached to the mounting head 4110 in an exchangeable manner so
that components of various sizes may be handled; rails 4121 that
30 make up a railway for transporting two boards 4120a and 4120b; a
mounting table (not shown) onto which the transported boards

4120a and 4120b are placed and electronic components are
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[0318] Further, the conponent supply units 4115 are provided in the 5
front and rear parts of the conponent nounter 4100, and include: conponent
supply units 4115a and 4115b that supply electronic conmponents held in the
formof a tape, and a conponent supply unit 4115c that supplies electronic
conponents held on a plate in which the conponents are partitioned
depending on the size. 10 [0319] FIG 74 is a schematic diagram show ng the

it Latjon bet th ting head 4110 and th t
oppl y Ui pUREeR RS S e RiP ARCH AP ISeioN0sA PP o tati 44 15 that
pl ural it yodlectpi §kempz7ees wHaAaLK O éile%@PonﬂE!@fggHBEPE@g HggﬂgélﬂQeﬁDVGS

to 15 the above of the conponent supply unit 4 eac
pi ckup n&iekediwp|ywdrheidahasps deeitup an el ectronic conponent, the entire

[ h | ' ) (
the mount Ong Hoen L Ehstce dbo il URRINL S 4LES b e may GRE T EbRup
nozzl®s ﬁfommaﬂﬂ)webi’ﬂﬁaﬁt@adf4&E0C@ﬁ’ﬂ3@ﬁeh?%rcﬁﬂ1t%? 4&{)5}22%?&@@ fe:

el ectroni c conmponents onto the board 4120a or 4120b. e ot her
hand, thEOEbRBBREAt SHBPDY yuOHiSt 441h%a andwd 1 15D tthatf isgyrdyi ptécidestica

£ | ity _of, el ectron] ts of th
s consohBETnERtE Hal i A TaPuB ol o ¥ AR ST Pl VBRIV it t hat
_hol ds t hdldGmohentsumpees €186tidhie coRFoMeHES h1aUHs;a %W'%:gﬁﬁ%@i%?gﬁer

4114 that feeds the conponent tape 4116 fromthe supply'r 411
necessar YNe GANPRREhE a5eRa kidoBIest deprandingrpontine ssiteom t he conponent

. tape 41l I I t s,i.s. arranged in the Z-axis 3

i T o of0 3 SIS B4 drad e s R o R AR T it ofa 165%HRopaL
conponentelstjmm ybebimeetl 1fHe | meunting hoatihe reh abnen the! Wesmpdige APUNt i Ng
head 4110 and the confgnent supply unit 4115a described above. Thus,

det ai | ed®YRBEf YR Shl 13@not repeated here. [0323] FIG 75 is a diagram

showi ng I3 2E3Phe Hholdting' ABad' W §Bd PratAdld with a plurality of
pickup nozzles 4110a to 4110b. The mounting head 4110 moves to
15 the above of the component supply unit 4115a. Then, after each
pickup nozzle is lowered and picks up an electronic component, the
entire mounting head 4110 moves so as to transport the electronic
components to the mounting position above the board 4120a or
4120b. Then, the pickup nozzles of the mounting head 4110 are
20 lowered so as to mount the electronic components onto thé board

4120a or 4120b.
[0321] On the other hand, the cdmponent suppiy unit 41 15a shown
in the figure includes: a component tape 4116 that hoids a plurality
of electronic components of the same component type arranged on
25 a carrier tape; a supply reel 4117 that holds the component tape
4116 in a state wound around; and a tape feeder 4114 that feeds the
component tape 4116 from the supply reel 4117 when necessary
and that extracts the electronic components from the component
tape 4116. A plurality of these members is arranged in the Z-axis

30 direction.

[0322] The relation between the mounting head 4110 and the

component supply unit 4115b is similar to the relation between the
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5 The task tinme information 4307d is information that indicates the pickup
time and the nounting tinme for the conponents for each task and that
contains a task nunber i, a pickup tinme ti and a nounting time m. The
task nunber i is a unique nunber inparted to each task for identifying the
task. The pickup tinme ti indicates to the time necessary for picking up the
conponents included in the task of task nunber i. The nounting tinme m

i ndicates _the time necessary for mpunting onto the board the conponents

i ncl uded TRUNHAIt 9 3 4L Afberhe. (ompgnent spenly Abitockl @bagr am

showi ng exAHbEY! 26608, OTHus TackHeld BEPRRR (B BB AAR nere .
unt i eter hg unit

determ ning unit 308d. The fourth conponent ng orde
308d i ncEDgﬁc?e%] Ft@ask/ brigera dbagraimi abowing 480%exammlenufneatks vippky

position: Wyl Lt 4305b and a nounting order determining unit
4305c. 269{2@%@?%\3%1 s a flow chart of processing of determ ning
conpogient mounThegtHsldermpaiirer ARskiBY: 496 70 tHFoF AYPQ g gor der
determ ning unit 308d. [0326] The conponent SU£P§ posp'?'%hna de e{ﬁd%@%lsng

uni t | 4308h¢€ mléﬂ@kfrtﬁafg amd t@@mentir@pmgbfpmﬁhe mmpowmtﬁoﬁugoeaghuzo
n e comonents t e.munt.ed ont t he_ boar a

Zﬁgptﬁg E%%Edéhﬁ.’z%ﬁg{s%ﬂ%ﬂ'.” 3 &Umﬁ’ércbwﬁorﬁéﬁgu&ﬁﬁw thaandi an

det er ni nptbontiprpernsi ma. ( FHROLsRIuARSEF | hed thﬁfcfife ndr?@e%zﬂ iéﬁBt%Etee he

task order determning unit 4305a determnes the task or i me of
mount i ngl® A ogske R idanbify g ddwer desB0 AMpopickapstiznk (iUahizptedet ai | s

Cat U (BB NG S Dt Bt B ckPhST BT ammaaaaris bampeiashanstiel y
;502 postasiorofmagkoneebeptit aiTied, nidintRgntime AIIAdRABETHAL AR} |
4305c optim zes the nounting order for the“conponents so that the tact

time i s REREARFPIEY foanmoandng eatotthe hoandi the @odeporesossinciuded om t he
conponenty AR Hg tQEQeﬁuﬂ‘ﬂﬁérmi.zat i on processing

[0324] FIG. 76 is a block diagram showing a configuration of a
15 fourth component mounting order determining unit 308d.

The fourth component mounting order determining unit 308d
includes a task order determining unit 4305a, a component supply
position determining unit 4305b and a mounting order determining
unit 4305c.

20 [0325] FIG. 77 is a flow chart of processing of determining
component mounting order performed by the fourth component
| .r”nounting' order dete'i'rﬁi'ri'ing unit 308d. - -
' [0326] The component supply position determining unit 4305b
determines the component supply position in the component supply
25 unit 4115 for the components to be mounted onto the board 4120a
and the board 4120b (54001). Details of the component supply
position determination processing (S4001) are described later.
[0327] Then, the task order determining unit 4305a determines the
task order at the time of mounting the components onto the boards
30 4120a and 4120b (S4002). Details of the task order determination
processing (54002) are also described later.

[0328] Finally, based on the task order and the component supply
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5 (54003), various techni ques have been proposed already. Further, this
processing is not an essential part of the present application. Thus,
description is not repeated here. [0329] FIG 78 is a detailed flow chart
of the component supply position determ nation processing (54001 in FIG
77) performed by 10 the conponent supply position determ ning unit 4305b.
[ 0330] The conponent supply position determ ning unit 4305b acquires the
ds 4120a and 4120b in the conponent mnounter

t t f t
2188 ngbﬁﬁ? Pgl?)@‘i]ng'h)@r‘? taé“%@artaeo’ﬂ"qwféﬂgs@l’%‘?—ﬁbﬂ@teﬁﬁ"lBU&@deMOa
and 15 momﬁn%@%%%m  BPgLf FOP tAgt S nenPHQEE’pﬁ?g?P'ﬁ?t 4115

determ nes the conponent supp € co
for the taapbimeatis mmmrelzam,naed Mmmheeboaednwmag ords {94003

det t hod_ f th t f I t
dot or m nBd 3Tt R (GRRRETER: T U e OS1qTe CaBbim (ZatiRN  EOSPERIBG of ¢ ho
COWpCmen(SéilO?t)EW,rVéTﬁlé@@ W&t@rih’fdlﬁes havROBERNSH A nﬁoﬁ@H”%ﬁ%ta@}go Effp9ard of

i nt erest. conponent supply position ni ng O5b~deter m nes
t he conﬂaﬁeﬁfogapﬁl% pesnot @n fems%tlla!bparrblsaf4tlt29apxaembl4tiafﬁpl(¢ampnA)

0332 79 ram schematjc show ng conponent 25 suppl
; [[:)OSI t} oniﬁggf eqéﬁqgﬁao Std b@& éo/(q ‘| ow cgart rrEhown i n FI %p %8
- FIG 79 pobeegt Fral Iyasirsoxeﬁ d@taw@oerfra}u oERBFE @N%ﬁéceon%oﬁeﬁ?@gagm he

nmount er 4100. [0333] As shown in 9, conponents are arrange
corrponenP%Lﬁb@'ﬂﬂ%’mlrtﬁtiﬂmﬁéommlsm@e(Sél@;ﬁlinefthI@.pEW p&forasetliton 4116b
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[0331] Then, for a board of interest among the boards 4120a and
15 4120b, the component supply position determining unit 4305b
determines the component supply position in the component supply
unit 4115 for the components to be mounted onto the board (S4012).
As for the determination method for the component supply position,
for example, it is determined so that the movement distahce
20 necessary for the pickup of the components is minimized when the
components are mounted onto the board of interest. The
'component supply position determmrng unit 4305b determines the
component supply position for all boards 4120a and 4120b (ioop A).
[0332] FIG. 79 is a diagram schematically showing component
25 supply positions determined in accordance with a flow chart shown
in FIG. 78. FIG. 79 schematically shows an internal upper surface

of a component mounter 4100.
[0333] As shown in FIG. 79, components are arranged at the
component supply position 4116a and the component supply
30 position 4116b of the component supply unit 4115 that correspond
to the board 4120a and the board 4120b, respectively. That is, two

sets of components of the same types are prepared and arranged at
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5 unit 4305a. [0335] The task order determ ning unit 4305a cal cul ates the
time duration (that is, the board carrying-in tinme T) necessary fromthe
conpl eti on of conponent nounting onto boards in the conponent nounter 4100
until two boards 4120a and 4120b onto which io nounting are to be perforned
next are carried into the conponent nounter 4100 and stop ($S4021). Here,
this cal cul ati on processing (84021) performed by the task order
detern1n%ﬁ§ uni t 4305 corres to the board carrying-in tine

cal cul at thy GRMPORERReSIBPLY HOT51m4b] 6mand e sOmapnent Aupatks, the

task ordepsitgberginigy unit 4305a cal cul ates the pickup time ti (i=1to n)
of the cq onents (S4022). The pickup tine ti of the conponents is
obt ai ned [By341eFIGr i Gds & dehalited 6iowazheairtoof ttbskseqdlencctet@frrml’nﬁatlon

componenPT8aERF RIS AR 16 ABET 7 st e Vs sk erde Betrminied
conpanenusit &4308k.ed into the task time information 4307d. [0337] The task

or der deLerm ni n unit 4305a conpares the maxi num of the conponent pickup
time val (83361 B ealask ndendeieroisingauditc 4305 agdlautates TheSanes) .

V\henthe R T is greater than the maxi mof t he
corrponen Blgé%l?p?fﬁ% ,\/gﬁgztgo% (Gﬂ':%yfrl]}g'éﬁ'og' ﬁ?tr%%qgwyn QMRethR eat est
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conponent plckup of the first task is Started wthin the boa
time T i 40000388t e thranstsar4128a yamng- i4i 20 be ohtios whidh er
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(54025) .corresponds to the board carrying-in time calculating unit in the
claim.

15 [0336] Then, for all of the n tasks, the task order determining unit
4305a calculates the pickup time ti (i=1 to n) of the components
(54022). The pickup time ti of the components is obtained by
performing a simulation based on the sequence of the components
arranged at the component supply position 4116a and the

20 component supply position 4116b. The obtained pickup time ti of
the components is stored into the task time information 4307d.
[0337] The task order determining unit 4305a compares the
maximum of the component pickup time values ti of all tasks with
the board carrying-in time T ($4023). When the board carrying-in

25 time T is greater than the maximum of the component pickup time
values ti (YES in S4023), a task having the greatest component
pickup time ti is adopted as the first task, and then the component
pickup of the first task is started within the board carrying-in time T
(54024).

30 [0338] When the board carrying-in time T is smaller than or equal to
the maximum of the component pickup time values ti (NO in S4023),

the task order determ:mng unit 4305a adopts as the first task an
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5 [0339] After the first task has been determ ned (54024, 54025), the task
order determning unit 4305a determ nes task order of second and
subsequent (54026). [0340] FIG 81 is a diagram schematically showi ng tine
course of board transportation and conponent nounting in accordance with
o task order determined in the case where the board carrying-in time Tis
greater than the nmaxi num of conponent pickup tinme values ti (YES in $4023

in FIG + 103411 .As shown _jn the fiqure, conmponent pickup of the first
task is %g%’é‘i’ltaééf é%s'f r?é“é’&rgetb?n@ Yithg FANHPORRBL YK, timesti at

the 15 greatepitHan et elifaIbeGr I NG ) e T ee p ,
corrponeng'J pi ckup of the fi rstp?a@ﬁﬂd%ﬂod;%dg?gmﬁﬁgcgm?n& yﬁplﬂﬁén@uiﬁlgng of
the firsCOMBRNEAN packugr ddthe firstshaskt isrestamtetde withipl e oboafrgboar d

carryi ngs.i Fyrther | i anpl e, although no task has a conponent
pi ckup tF?rgr¥]inLHE>£@gtgm¢13_ iﬁéﬁxﬁ)rd 20 transportation tine T, a task having
the g eaf@sBodoATiaetite Arskyask Ha®beersakestiingd (Swobi 3}4623%@@“31

the mounting wajting time (T-tl) after the conpletion of "the conmponent
pi ckup i FRsheordarsdetaenining iunit He3@bardeterronpstask ondet iofgseannde

m nimze i y nent nounting can be started at the same tine
dnd éﬁg%ﬁﬁ%gﬁﬁfﬂ@ mount i ng

25 as the board car nd hence the tact tinme in conponent

onto the[®840dSFI@D PE iFi &idiazedm Hitfe inati eyey s%ﬂ%ﬁlgtﬂiﬁﬂe ddudengy for
t he board. [3 342] FIG 82 is a diagramschenatically show ng tine course of
board t r BR3PEr ErANHIP HAGI b ATV MPOITR N Bgn DN Ndtngridanceondance3wvithsk

d d ' ' : d ingzin ti T i |1
hanCor R PPEEr detclinfieh MRS coke R BRE 3OAM 'Gutvillo vn Bresin
54023 i nT Ak@re&er tH8A {HB43hxBnmirhast tpﬁth@n@éicW%@baP@é%h{E of

the firs sk Ls Q'rséarted at the sane tine as the carrying in o
boar ds. vBr 24043 iRFtGsB®Bequence shown here, the first task is

Eg;regt €0 391 1 9% shRhnRhAH rifurldiCcd Aoh Ent {AEKED FTRY LG Yo gl tgr the

started at the same time as carrying in of the boards. Thus, at the

15 time point that the board carrying-in time T has been elapsed,

component pickup of the first task is completed. Accordingly,

mounting of the first task can be started at the same time as the

completion of board carrying-in. Further, in this example, although

no task has a component pickup time ti exceeding the board

20  transportation time T, a task having the greatest component pickup

time is selected as the first task. Thus, the mounting waiting time

(T-t1) after the 'c'ompletion of the com'p'onent pickup'in the first task

until the start of component mounting can be minimized.

; Accordingly, component mounting can be started at the same time

25 as the board carrying-in, and hence the tact time in component

mounting onto the boards can be minimized. This improves
production efficiency for the board.

[0342] FIG. 82 is a diagram schematically showing time course of

board transportation and component mounting in accordance with

30  task order determined in the case where the board carrying-in time

T is smaller than or equal to the maximum of component pickup time

values ti (NO in S4023 in FIG. 80).
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5 carrying-in time T has been el apsed, but so that the nmounting waiting
time shown in FIG 81 is zero. As such, conponents of the first task are
pi cked up at the sane tinme as the carrying in of the boards, and further
the mounting waiting tinme does not arise. Thus, the tact time in conponent
nounting onto the board can be io mnimzed. This inproves production
efficiency for the board. [0344] As described above, according to the

t ed b th f th t t d det
it 308683 SRRy (1 B1GhoB e oo TIROE b A 6K UPOBf okish fisar BBURUS whi ch
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and rmuntl ng by the nmounting head in conponent nounting operation for each

board is h%dt@@a tigee t Hat commnentorﬁn@ﬂntm@n@mtmrthter\da@@addcam |b¢>roved
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can Opef[€03344ﬂl%débtﬂbé@ab@ﬁr@@é@ﬁ@h@/t@@hE"proé@‘s@ngﬁ@k@bf@%eﬁrt?ﬁum Ion
efficien r the boards. -106 [0347] In particular, whén the board
carryin E’n QW sCYMRRRENE hBROUNKE) GraRTHeM Gletenglicongonentt p3Q&dp tine

121 0eS; SRR B b BofRERLSte SRR (8t U LR SuPYRRRRey 7S, 1
t he mounting is to be performed, and further arranges at the component
15 supply position in the component supply unit. Thus, even when the
Components prepared for one board have run out, component
mounting can be continued by using the components prepared for
the other board. Further, during that the time, the operator can
charge the components. Thus, even when the components have
20 run out during the mounting, the component mounter need be
stopped. This !mproves productlon efﬂcuency for the boards.
[0345] Further, the component supply p05|t|on of the components
prepared for each board is determined so that the movement
distance necessary for pickup of the components is minimized.
25 Thus, the movement distance of the mounting head in a series of
operation composed of pickup and mounting by the mounting head
in component mounting operation for each board is reduced, so that
production efficiency for the board is improved.
[0346] Further, component pickup of the first task is started before
30 the boards are carried into the component counter. Thus, the
mounting head can operate in parallel to the board carrying-in.

This improves production efficiency for the boards.
- 106 -




5 conpl etion of the conmponent pickup in the first task until the start of
conponent nounting can be mnimzed. Further, when the board carrying-in
time is smaller than or equal to the maxi num of the conponent pickup tine
val ues, a task having a conponent pickup tinme greater than or equal to the
board carrying-in tinme is adopted io as the first task. According to this

approach, the above-nentioned nounting waiting tinme can becone zero. This
[0348] The

i mproves r%’f@? eff|C|e for the boards further.

processi r{@?’p KM aRe ttﬁem%%ﬁﬁtrrylrﬁﬁmmmg]%ﬂiiglfeéléeeﬂ:i’ram ng
uni t 308¢hbam Pepn r v S nt nis
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roverent AOT SIS0 MhiscaBBIYach° Bhe e oRting. veikoRcHrBe: aftamthezed.
However chpIﬂﬂ@ﬁQJﬂtHéW@ﬂ’ﬁb@ﬁeingéﬂ%ku'd i tisd f{r%ttt@l's% UEPIrl RS £ Jt he

conmponent supply position may termned so that th nece ry for
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[ 0351] Here, the proceSS| ng by the fourth co t rmun
det er mi nbife (Hiaa %Q@aﬁﬁ‘bééuadlet@cth@dmam‘ calneytmg;ent hmetlbmdﬁﬁt@@rryl ng

f th f |t | f t b d Ho
the 0 cols N fesd Hask; SRR iR (GRRE BrbroBehe the & Oafméeﬁtq%@ s
obvi ousl mcapp&mga\hbﬂmbsﬂrﬁ@ c%r?%%@:drhétzéﬂ? Thd I@ﬂ?f( lphBElrdc‘?fior'l n one

by one. gé 352] Further, in place of the configurati e cofnponent
mount i nge0iG8NCYet@r ﬁhﬂd@‘i)@ﬁd%rf@(féhgrng is switched and execut ed as in the

operati ngyih gy rAMCING ARG USerPShad™ g‘y %hé "Sourth component

mounting order determining unit 308d has been described above.
15 However, the present invention is not limited to the
above-mentioned processing.
[0349] For example, in the determination processing (54012 in FIG.
78) for the component supply position, the component supply
position has been determined so that the movement distance
20 necessary for pickup of the components is minimized. However, the
present invention is not I|m1ted to this. For exampie the
component supply position may be determined so that the time
necessary for pickup of the components is minimized.
[0350] Further, the start of carrying in of the boards and the start of
25 ~component pickup of the first task need not be simultaneous. This
‘is because change work for the pickup nozzles could arise before the
component pickup of the first task.
- [0351] Here, the processing by the fourth component mounting
order determining unit 308d has been described for the case that the
30 carrying in of the board is performed simultaneously for the two
boards. However, the present invention is not limited to this. The

present invention is obviously applicable also to a case that the
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S conponent nounting order determ nation processing perfornmed by the
fourth conponent nounting order determning unit 308d may exclusively be
executed. [0353] FIG 83 is an external appearance view of such a _
configuration of a conponent nounting system The conmponent io0 nounting
system 4010 is a system for nmounting conmponents onto a board, and includes
a conponent nounter 4100 and a conponent nounting order determ ning
apparatus 4300. [0354] FIG 84 is a block diagram showi ng a configuration
of a cobpandris eaumednipy ongebydener ni ni ng appar at us 4300 shown in 15 FIG

83. Th der .determn 4300 is a c ut er
appar a&g@?ﬁggeﬁé{-ﬁ%‘ hgg@%%@ﬁﬁﬂc ﬁbeoq%hgg(g 3@@'&%%‘9@"?@%@

mount ed Mo e NgOBPOBE M eEiRsti 4A08rd @Essidld |§%W?@ﬁ g ﬁg%&@@@ dgom a
CAD appar at usd:ﬁ;ant shown) for conponent nounting or t e sot at the

tact tindSih @p&ﬂﬁ!ﬁatzognﬁune. rgdecingeappagatusodid |I9 mlGi. N2z ethender ;

th
rai o auersenf MouS G ey OFrBPERbALER sittetendTetErdsy by
gener at eshegourth NI plah ent TOOTIMGNEAH e AT el | Hinde fu rfl et 30 SHNATEY
apparat us 4300 ln | udes an arlthrretlc control unit 4301, a display unit

4302, arS¥GUsSiElY BS exgseeda nemory unit 4304, an opt i m zatlon progr am

ZE?LLQEJ"J%. PHEIG2 B AR (SRecrrialt SbBERRARLs: ckfevioRE, hef, @

appar at lﬁomﬂguratmn rqﬂ arardregb dne et gamrmﬂmguspmenﬁonmé etoipemsuch as
personal execut es a _conponent nounting order

det ig LUﬂ: c%@ib P S SEREN 6Pé§Eﬁ‘ﬂjnthUGrﬁQWrﬁ’on¢ﬂ%ﬁ optat® not

connect esbied ! EﬁcP@ﬁ@Rﬂfé’é dredthBb Wméﬁﬁtep%ﬁoéfﬁangr&o%ér?g or der

det er mi ni ng apparat us 4300 serves also as a stand-al one Sinul t ool
for corrm@émtllnﬁmtdeﬁgd@t@emlmpglapparabtms 4300856] The arithnetic control

unit 43Gh48,7 HE A fHek ?:!‘?ég?lgam showing a configuration of a
_ component mounting order determining apparatus 4300 shown in

15 FIG. 83. The component mounting order determining apparatus

' 4300 is a computer apparatus that determines a mounting order for
the components to be mounted by the component mounter 4100 for

all components provided from a CAD apparatus (not shown) for
component mounting or the like so that the tact time in component

20 mounting of the target board is minimized under various restrictions
caused by the specifications or the like of individual apparatuses

making up the production line, and thereby generates optimal NC
data. The component mounting order determining apparatus 4300
includes an arithmetic control unit 4301, a display unit 4302, an
25 input unit 4303, a memory unit 4304, an optimization program
storing unit 4305, a communication I/F (interface) unit 4306 and a
database unit 4307.
[0355] The component mounting order determining apparatus 4300
is implemented by a general-purpose computer system such as a
30 personal computer that executes a component mounting order
determination program according to the present invention. In a

state not connected to the component mounter 4100, the
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5 Unit), a nunerical processor and the like. In response to an instruction
fromthe operator or the like, the arithnmetic control unit 4301 |oads a
necessary programfromthe optim zation program storing unit 4305 to the
menory unit 4304, and executes it. Then, in accordance with the execution
result, the arithmetic control unit 1o 4301 controls individual units 4302
to 4307. [0357] The display unit 4302 is a CRT (Cat hode-Ray Tube), an LCD
(Liquid Crystal Display) or the like, while the input unit 4303 is a
keyboar dCOR'RBOSAtIR® UTHANDj RiederTHeserminirg appasadis 4800 aeevestdlse

oper ati ogc0 i negt N 5_order. determ nin
aBpar at u§s4 0%%1% é;ﬁml(%tesra orattgﬁaéaro@me@)d'nggﬁﬁﬁogg#h@%ri"{'ﬁ‘rgelolrge('font ?ol
uni t 4300pt{roksafionhe comunication |/F unit 4306 is a LAN (Local Area

Net wor k t or_the like, and js used for comuni cation and the I|ike
bet ween) lﬁgg&]%ﬂﬁ@ﬁ'{hﬂlﬁﬂ@ ﬁBnSF‘aLHnHéf}érorﬁ i ad-RYd&renal Rroressingd t he
co en nter y |t 44 S, a M e

Vemory) o eHe 1K Rt o b el e e Uike,® IR rRSBUING, KT TR
control untrugsson ffoscbhe Trektioabaséheniike43he asthnhetid cbrsirodruriife i ke

that sto + Lar, exanpl e: input data (such as, the nmpuntin oint data
4307a, t%gﬁl’zéoggﬁp)éng%cqsil E)Pr@%‘?ﬁ[g H’ngnﬁt Pﬁé'@ﬂ)@?'gﬂg§mﬂﬁ'§rﬁﬁr&t i on
4307c angtdmagt @it 4308 t@ﬁﬁé”ﬁérﬁ%rﬁvﬁ&éﬁﬁﬁgpﬁg é@g e Anentpefounting

order determ nation processing perfo nponent nounting 6rder
det er ni niMgcapperaceEs WiBodheagdecabion ineguibi the datith metés atoartrby urtie

nor d%i xS0 PR oot A TTuA k¢ A382, CL A¥EN arm that “Tpl enent & he
functi on[@35VNeTlserdieptay uwrd30Q @ QSCRdE(@éBthEggggg?ﬂsggf an 1@ 4300.

The optiji.zation programis constructed froma tas ermning unit

4305a, d GHﬁGnGﬁYSEa%pBH%p&ﬁd@i or dihedilee mwhihg theniinpugosbitadd (B et i ng
g: ggésgﬁﬁﬁﬁﬁiﬁ??a?hﬁ?i @anfsfeéggg@at Ltg{émlii)(fe. PR LHRCH s (LR NS Loy of 2

interactive operation or the like between the component mounting

15 order determining apparatus 4300 and an operator under the control
of the arithmetic control unit 4301.
[0358] The communication I/F unit 4306 is a LAN (Local Area
Network) adapter or the like, and is used for communication and the
like between the component mounting order determining apparatus

20 4300 and the component mounter 4100. The memory unit 4304 is
a RAM (Random Access Memory) or the like that provides a working
area for the arithmetic control unit 4301.
[0359] The database unit 4307 is a hard disk or the like that stores,
for example: input data (such as the mounting point data 4307a, the

25 component library 4307b, the mounting apparatus information
4307c and the task time information 4307d) used for the component
mounting order determination processing performed by the
component mounting order determining apparatus 4300; and
mounting point data generated by the optimization.

30 [0360] The optimization program storing unit 4305 is a hard disk
that stores various optimization programs that implement the

function of the component mounting order determining apparatus
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5 function when executed by the arithmetic control unit 4301). The
processi ng executed by these units is as described above. [0361] [Fifth
Conmponent Mounting Order Determining Unit 308e] In the conventional art,
conponent nounting nethods have been proposed in which a plurality of
conponents are picked up by io a head (a transfer body), and then the
plurality of conmponents are nounted onto a board (see, for exanple,
Japanese Lai d- Qpen Patent Publication No. 2003-31997). [0362] In the
conmponerft3#Bunt | hg MRk RYE@asTonN padEamLE ¢oostnucted énonPubltaskt dcheNo.

mount od e O Hen Ty FTRE b Py i sHpRAERaSll e deriairiing - ' °

sequent iwnityt 30 5btamd samobatisrpbrder deermitialg At 4805 W 8éiig 6f
conponents ,[TO b%. rrmtr_lt eﬂbé)ggo one_board are arrange sequentially in the |
ascendi %"eo HELLEN M PG a pHesegsindednitntbat iexpressedidre
r ougs s C : : ' t up, and :
e e A R LUt By R A HiRsBic SoBRPe BLfEARTES: o TR

smal | copsessingrexecated mouthedeonnite e asodedcribel abwypenent s bel ongi ng
to the ' nent gro e nted onto the board. Then, finally,
the con@%emigﬁﬁngp%ggﬁg&%ﬁ’é'nﬁggeség%&ﬁ%mr@ﬂ%mg iLB"iMQBQIa ontg
L, poard. FuThneiie coMntionatl aital dominERmABRRMaShRBIIHE havany one

of the conponent groups are to be nounted, cks u component s
of a nuBReN THePased e whided mu saling ofheo wiporeénty aref pikmubngnty, t hen

heall T e REtEh FRRSEE AW B pir B fa the HIBERM OfFemne e Eagtisr ¢ ati on
and noumhbogtet entPbusGhird Ysek, FeFrRsaAile 999ah*é%reel?z¥itcwal%'ﬁté;ﬁn€éﬂer}tter

conponent -110 belonging_to fhe conponent “gfoup. A a

pi cki_ngp “%ﬁﬂof‘r%{ﬁs Q8ng1Q@%ural ity of conponents, the head mounts the
Pl al + L8302 PUKGHE KBrGBARNLR ORLA S RFebif8l L TSNS LXia SbBEh "

_ Patent Publication No. 2003-31997 described above, in order that a
15  plurality of components is mounted at high density, the plurality of
components are mounted sequentially starting at the smallest one.
That is, the plurality of components to be mounted onto one board
are arrange sequentially in the ascending order of the height, and
then divided into three component groups made up of a small
20 component group, a medium component group, and a large
- component group. Then, after the components belonging to the

small component group are mounted onto the board, the

components belonging to the medium component group are
mounted onto the board. Then, finally, the components belonging
25 to the large component group is mounted onto the board. Further,
when the plurality of components belonging to any one of the
component groups are to be mounted, the head picks up
components of a number that can be picked up among the plurality
of components, then transports them, and then mounts these
30 components onto the board. The head repeats a series of such
operation composed of pickup, transportation and mounting of a

plurality of components, and thereby mounts all components
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5 [0363] However, the conponent nounting nethod of Japanese Laid-Qpen

Pat ent Publication No. 2003-31997 descri bed above has the problem of an
increase in the tine necessary for conponent nounting. [0364] |In general,
in order that occurrence of deviation or the like is io0 avoided in a
conponent picked up by the head, the transportation speed of the head is
restricted depending on the size or the weight of the conponent picked up.
That is, tPe head is allowed to nove faster when the conmponent picked up

i s snal | BEIQNGHHE dp) thaurtoR parenha@ UmedAtciatstione;, afiten pilckitgnppnent

Is large h | : 5.th n nting . .net hod of Japanese

Lai o Cpean B RSB aring &0 Pl B0 60 eBHBhL S e B st e oS B
conponenplura@ly refurpietesequentom pynehds t bRgowithlz tlf@aﬁdmlsééﬁlbrﬂiﬁliy-rhus’
the head C(%ntl nugt to pbck_ug |'arger conponent for a long tine.

Accor di nofd/ TGNV taA880PaNIT rﬁ’sepé%!}’eéft h@@Mead is maintained at a 20

ooty SPRST63ANMAIRRYRCAIRESCAM BANERRS A Bty LIRHISF SGP A d hce

conponent nounting. Thi's reduces 'processi ng per f-or namnc
nmount i ngl@ itk Gp@potaterst Gubdicattohobind 2@03uB109 7 idescrifeddbdveaisls ngl v,
eterm ning unit 308e has been

- the fift 0 ent unti.ng order . d

~ devi sed ﬁémwtﬁf’@%rw FEASE ﬂ'%zﬁtﬁbjtéme iNEEYSIANITEE eoahpasht
nount i ngmmiMgAgt hat reduces the time necessary for conponent nounting and
t her eby ingroves throuPh.put. [ 0366] The conponent nounter controlled by
the fifthdZefpdneaenesal,muardeytbatacaetrencendhdeviatiodO8e the likeis

0 : 5 [ | 1.,.[0367] Th | 5100
ol YORHY 56 2 HeRaRIR IBlcked: vBibY S ber Grihe SBTBRAIAShIaTear
sub- equigpeat TLE0S Hdwd iswg‘t@fdﬁe@oﬂlég'é?%ﬁligg%ﬂtfﬁ'@ SiLEWL méf""?i,%%?f'g

I ndepende tl%' Each sub-equi pnent 511 I's an orthogona
mount i nf ER@gommenernt pdekedowpondatkimptlye dnead is1aBawed tslutkve a | i ne

faster when the component picked up is smaller (lighter), while the
head need move slower when the component is larger (heavier). 1In
15 the component mounting method of Japanese Laid-Open Patent
Publication No. 2003-31997 described above, the components are
mounted sequentially starting with the smallest one. Thus, the
head continues to pick up a larger component for a long time.
Accordingly, the transportation speed of the head is maintained at a
20 lower speed, and hence causes an increase in the time necessary for
component mounting. This reduces processing performance
(throughput) of mounting the components onto the board per unit
time.
[0365] Accordingly, the fifth component mounting order
25 determining unit 308e has been devised in view of this problem. Its
object is to provide a component mounting method that reduces the
time necessary for component mounting and thereby improves
throughput.
[0366] The component mounter controlled by the fifth component
30 mounting order determining unit 308e is the component mounter
5100 shown in FIG. 1.

[0367] The component mounter 5100 includes two sub-equipment
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5 gang pi ckup head 5112 serving as holding unit, an XY robot 5113, a
conponent recognition canera 5116 and a tray supply unit 5117. Each of the
conponent supply units 5115a and 5115b is conposed of an array of
conmponent cassettes 5114 of a nunber of 48 at nmaxi mrum each holding a
conponent tape. The line gang pickup 1o head 5112 is referred to as a
ten-nozzl e head or sinply as a head, and has ten pickup nozzles (referred
to sinply as "nozzles", in sone cases hereinafter) that can pick up ten
conponerfs fEANhErbreauipneant el H8cied e measrsudb coap ipreentcad 260t hat 14 and

mount t o) Thi s L] i ck head 5112 is 15
coﬁstrurﬁt%rgb ggﬁ acillgf‘pl n%ﬁgnﬁ%ﬁ%mh%ﬁ'ﬁtﬁgﬂg%@g’éﬁgpaﬁﬁs'QSEP&PQZEE’IE@VM
conponeriiach bubt-feg digirhewt il t@Y&120) e art bethdgenatre bpitrketouAtad 5112
is referred to Slﬁ)cllﬁgas t he head 5112. The XY robot 5113 npves th€ head

5112. THE9E85nPBAe ESqrP MRANeRFEUPPIF14BItss54db@ poE Hhdpéota higa n a

o i . o . ; | _ . ; h
CompanorZ8 HEKED REalS I bERITAES nERIRE uhiC A0 XY RaBtist 55,01 i o
tray corqagnpmmnotggepogmﬁtiequtflmmr? ?ﬁtetaﬁdcamgersllpmvuupﬁugg 10 o0 each
assl| gne ar I ndependen 0 e er sSup-equl pnen In

par algl equ)a.c @c}[@’ﬁ%ﬂomﬁo&"%{& ?’UQ?ﬁIYHémt§o§iaél5@n?nfja§é" 5|f?1pd'i$ &aneposedhpe
(carrienf baP@krap W"‘Hi EBnfp Hhehe! &ég?t?lfetg%?wnéﬁ é)fn&ﬁﬁaérarlﬂ‘ GymRanent

type are arranged. This te?qe 'S supp n a state wou around a " reel
(suppl y magimuwn, t@echieldiagdai sonyeaneaatiapd or Thepping gang gipkognt s

e Mo nat R e ¥ T EBY 4L SR Ao 24 B e PAOE £ RN Bs A tpe |5
referregricdohas ter thgpcmﬂl@“(refeﬁ'ﬁéﬁ% ﬁﬁ?&%ia%a"‘ﬁdzzlte@@ FANRARN

mounter 5100 is a nounter that -112 has both function of a conponent
nount er CASESr PeFeinaliera thaykadpadaknupnten anmpoeentiscat onasximum

mount o TofTh AREP b d e i BeB3 Bab et SsRE R S L dcenchitBotetponent s

them onto the board 5020. This line gang pickup head 5112 is

15 constructed as a holding unit that holds and transports a plurality of

components. In the following description, the line gang pickup

head 5112 is referred to simply as the head 5112. The XY robot

5113 moves the head 5112. The component recognition camera

5116 is wused for inspecting in a two-dimensional or

20 three-dimensional manner the pickup state of the components

picked up by the head 5112. The tray supply unit 5117 supplies

tray components. Each sub-equipment executes component

mounting onto each assigned board 5020 independently of the other
sub-equipment (in paraliel).

25 [0368] In practice, the "component tape" indicates a tape (carrier

tape) on which a plurality of components of the same component

type are arranged. This tape is supplied in a state wound around a

reel (supply reel) or the like, and is used mainly for supplying

components having a comparatively small size and referred to as

- 80 chip components, to a component mounter. Here, the component

supplied on a component tape is referred to as a taping component.

[0369] Specifically, the component mounter 5100 is a mounter that
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5 of 10 mmsquare or smaller at a speed of 0.1 second each or the like and
that is characterized by high productivity. The multifunctional nounter

i ndi cates an apparatus that nounts |arge-size electronic conponents of 10
nm square or larger, irregularly shaped conponents such as swtches and
connectors, and |IC conmponents 1o such as a QFP (Quad Fl at Package) and a
BGA (Ball Gid Array). [0370] That is, the conponent nounter 5100 is

designed to be abl e of nounting alnost all types of electronic
conponenh@s( tth rtgﬁgéuﬁﬂtl&mmfn@nwmomnmmnoedltextEeﬁHrEdoﬂmaaG )

mMxO. 2 h Si r or Thus when a nec ary 15
nunber o%ﬁeé@%éngor@hgnngg ?Q%O%%]Oﬁmfg?ﬁa Q)Fy A CARges et Pb’(ﬁ& i on

| ine canréfermetsto wd edmyleFahictidial BrouAtar. p"ﬂﬁevh@/hfdtﬂé’é(ﬂ‘gn%dﬁle‘?r
conflgur ation onent nmounter 5100 according to the present

i nventi oHEN @@ﬁh’t ?rlfbcéggsévba PREratus Wat meypris ateatnona@)tenoaonmts

f ted
Froma t Py CIPAPSARara A CBAYCY bt LEEREEY 00T M SHHH Rt fRbac
5112 canapidckhap is tchakacterizeds byt high Sﬂrb@ucstlwtyabl'me WuWﬂf@hc@ibﬁmeam e

| es correspondi,ng to various conpo sizes are placed. 25 [0372] two
(r:]grzrgonenfn%l('] §$ D gét%ﬁh W'@L%ot Rt mﬁk@tsjﬁargessﬂmw@mlcmlo

(O oonr fhoniSoRERS It T eapatith Sbdublel '\ 13Ky, 2Nk ddlfady ifgsRanen"

recognition canera 5116. Thus, aft onpo
corrponentommngnmuSue‘lf&smltcbe%@ndt oenheadioﬁd,lanmhi@esotﬂrponeﬂmgnent

board 5030t ca5ee QEP, Lpbad Hat ofarkRba) fchduRG Rl BrikdAray):
conponent3799qTe i ﬁgl YheTEQmﬁBH@thgnBQh’Eé pg'ocfi% e&eé%‘ﬁé’& dg%@ poi nt

on - 113 the board 5020 where a nponent s be nount nponent s
of the s@@@abipsdnmauntipe @Emosé aﬂnﬁmpea af elem:l:nma{iltycamfpfcn'r@rmts (that i ng

Do e ANgEEe tRRAPonEMs! 0 Be MUl AU M 84" Hih-LE. 5" )

arranged on” éac
mm chip resistor to a 200 mm connector). Thus, when a necessary

15 number of the component mounters 5100 are merely arranged, a
production line can be constructed.
[0371] FIG. 85 is a plan view showing a major configuration of a
component mounter 5100 according to the present invention.
A shuttle conveyor 5118 is a transportation table (a
20 component transportation conveyer) for conveying a component
extracted from a tray supply unit 5117, to a predetermined position
where a head 5112 can pick up it. A nozzle station 5119 is a table
on which changeable nozzles corresponding to various component
| sizes are placed.
26 [0372] two component supply units 5115a and 5115b that make up
| a sub-equipment 5110 (or 5120) are arranged respectively in the
right and left of a component recognition camera 5116. Thus, after
picking up components at the component supply unit 5115a or
5115b, the head 5112 passes the component recognition camera
30 5116 and then moves to the mounting points of the board 5020 so as
to repeat the operation of mounting all picked-up components

sequentially. The "mounting point" indicates a coordinate point on
-113 -




5 conponent tape corresponding to the sanme conponent type is equal to the
nunber of conponents of that conponent type (the total nunber of
conponents to be nmounted). [0373] Here, one iteration (pickup,
transportation and nounting) of the repeated series of operations conposed
of pickup, 1io0 transportation and nounting of the conponents perforned by
the head 5112, or alternatively a conponent group to be nounted by this
one iteration of gperations is referred to as a "task"”. For exanple, when
a ten-nok2€e Beandi sS8RP oyeere hea nesa mpanenirhehaildommnentsintednt ed i n

o1 okup. oorapPsTECar e Sl retfmetiTEhL oBid > Baitie  FESuhERd CRt: he
conponentrsuturdlly differéntremdantinite peattsH iz sbaneperkest hemhdofotgpranpl e,

in addition to the case that ten conponents are picked up in one

i terati oRUSRDBI clQip COMPINRNES | &m@ﬂnéln%mqlﬁgﬁnarrangemg opera@@chn 20
of t h e ' . i pl e
R e AL S S S L A
schemat i t0 difgyrranmdiewiofgcposponends oflttdtononvpbyvesit a};bea(itr’ielltbtamd a

corrponenIL] caﬁset tfe 5114. The head 5112 is, an operation head of a type
referred HGT2E" £ %W%%RE% toshbaatintedl which ten pickup nozzles 5112a
can be af03pBediate, HAN BN ) MBrarf DAL A7 B Rk RIFE orP
si mul tanEeousI?/ (in one i't er at’i ontlggkaﬁ ’(r)Tﬁv\Erl g aﬁgmrrzli Sl nﬁggglrta oR)  from
ten inditN®uarepeapedenserisset 0bs dpesationmxi compdE3d 5] ofler gickopa

: . . f dt " sj | 0 tte",
cominenyafiRfttatiolt shd TG af bR sRENRORenls LI mad: bYcthed 1o
as a "douibhé saagqtctae"altémam@wpr@rﬂomtp@ﬁér@rg??'ﬂﬁ g?beFHfd@ﬁfedtB\fape)

setting position of a conponent " -114 cassette™ a conponent
in the oR8&t EefignuAftopsratigns isiistenred dbem@sed t'dask"t heFowal ue

2 nunber RIS WD o SR RaAE HERE b VRl dhenotiotiium < e
number of components mounted in one task is 10. Here, the
15 "pickup” described here includes the entire pickup operation from
the time that the head 5112 begins to pick up the components until
~ the time that the head 5112 transports them. For example, in
addition to the case that ten components are picked up in one
iteration of pickup (one iteration of a lowering and raising operation
20 of the head 5112), a case that ten components are picked up by
multiple iterations of pickup is included in the definition.
[0374] FIG. 86 is a schematic diagram showing positional relation
between a head 5112 and a component cassette 5114. The head
5112 is an operation head of a type referred to as a "gang pickup
26 method”, to which ten pickup nozzles 5112a can be attached at
maximum. At that time, components can be picked up
simultaneously (in one iteration of a lowering and raising operation)
- from ten individual component cassettes 5114 at maximum.
[0375] Here, in a component cassette 5114 referred to as a "single
30 cassette”, one component tape is loaded, while in a component
cassette 5114 referred to as a "double cassette”, two component

tapes are loaded. Further, the setting position of a component
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5 conmponent supply unit 5115a is assigned to "Z1". The "Z-axis" indicates
a coordinate axis that identifies the arrangenent position (setting
position) of a conponent cassette 5114 set up in each conponent nounter
(sub-equi prent, in the case where sub-equipnment is included). |lo [0376]
FIG 87 is an external appearance view show ng external appearances of
conponents (el ectronic conponents) to be nounted. Various kinds of chip
type el ectronic conponents 5423a to 5423d as shown in FIG 87(a) to 87(d)
are hel dCafsehe @:%%r(@fta asMpgseenhtaps) dneth@atompmnemnt suppdy umem ar e

arranged | vqlyeat: i Lnterv Such,a_co ne tapge i s, supplied
to the ugzitiq'?%ﬁﬁ ‘Sﬁélp?tgg’sf té%ﬁrﬁavﬁécﬁé t%ﬁ'g tgﬁéu?)r%%%at)ﬂ aor the

pr edet er fipositionunp@rnofmibdem ich watied arawns a supgl yeeel z-4 @bdrsThe
features of operation of the conponent nounter 5100 20 are summarized as

fol | ows. CPASESHIIMES NBPWPRrs ity S8énim Wbich dhedeftmosts end 1o thet
td I i i . . , h d 2n « 10 th
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for 25 ekuhgiadesty meordinktanaxis taah identiékiz bengrianh r@}@!ﬁtOB@Qttiéhze
The head 5112 noves

that can beEtgi cked utp [03;9% &Zén Conponent gi ckup ]

toward t RREENGoRESIVIONAP) anfPEIPBREES GaAd St bt FREKYPuUb e@@chr oni ¢
componentsmy¥rent en mértafPOReNts ceRIBMeRE, Plikedple StaubtanggupLy at
once, plural iterations of lowering and raisi'ng operation Tor picklip are
per f or megubwnegbipnemyis hechid&dp. position. Thus, ten components at - 115

on 1 e ERRZRTPIGecEznR iash Sdmenal aRbacaenser e SHHNING EHRATA mages
of all eappearancesOMBPNedbMmponents (electronic components) to be
mounted.
Various kinds of chip type electronic components 5423a to
5423d as shown in FIG. 87(a) to 87(d) are held on the component
15 tape in a state that a plurality of them are arranged successively at
fixed intervals. Such a component tape is supplied to the user in a
taping form in which the tape provided with a predetermined
number of them is wound around a supply reel.
[0377] The features of operation of the component mounter 5100
20 are summarized as follows.
[0378] (1) Nozzle change
When a nozzie necessary for the next mounting operation is
present in the head 5112, the head 5112 moves to the nozzle station
5119 and performs nozzle change. The types of nozzles are, for
25 example, types S, M and L each corresponding to a component size
that can be picked up.
[0379] (2) Component pickup
The head 5112 moves toward the component supply units
5115a and 5115b and picks up electronic coh*nponents. When ten
30 components cannot be picked up simultaneously at once, plural
iterations of lowering and raising operation for pickup are performed

with moving the pickup position. Thus, ten components at
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5 picked up by the head 5112 are acquired, so that pickup positions of the
conponents are detected accurately. [0381] (4) Conponent nounting The

el ectroni c conponents are sequentially nmounted onto the board 5020. to

[ 0382] When the above-nentioned operation (1) to (4) is repeated, al

el ectroni c conponents are nounted onto the board 5020. The above-nenti oned
operation (2) to (4) is basic operation in nounting of the conponents by

t he conponent nmounter 5100, and hence corresponds to a "task". That is,

ten eIect?%ﬁ“BLUHﬂﬁ%héﬁt§N§Ked1@DHHX|nuntcan be mounted onto a board by one

t ask. showi ng an exanple of a conponent
l'ibrary ggg%% g”ﬂ%ﬁ%%%ﬁht nmount er 5100. [0384] The conponent

library 5307b Tisteshelaeld5|1r12 meovessly tdfe chenpopepanetiodmidgrchhepa and
is a library et (rifa IX Il ectin 20 informati on specific to each of
all conp ﬁéﬁ%[ XeHaiPesd, 59 thabdmagasml aHeelestponkhcompangnts100.
0385 T f

compe P%@@W'Wt“é“’fﬁw P1E7 ek e ddiRd, 8 LB LR URRDS e Mot the

componen a narme field Al that I nane
corrponent ex@nponi¢ets are dateciedliiacatiratehe size of the 25 conponent; a

recognit t i el d A3 hat |nd| cates a recognition nethod for the
conpgnen 83§q§ h%ghi % éﬂHionent recogn?tlon canera 5116; a
nozzle field Aﬂ*hé"@l@dtﬁ@‘hFcaééﬁ'lspéﬁénfté’%ere%eiuﬁﬂ%%I thelintél &?t?’%ﬁ‘%hf or

t he conponent; a tact fiel t hat i ndi cat the tact specific
corrponenboaﬁae5030f|xed 30 condition; and a speed field A6 that indicates

e (| 3528 hel S b et MR AR Bl (SRl repREn
- 116 . congHrelatdrdhec @@mpo@fertt@eaﬁ@rfmtﬁmed tdwcost?ﬁaeb@éra heoopPofgat  or

the l'i ke. [0386] For exanple, in the name field A, a conponent nane
" 0603CR' aboygomegfiongd plneé'alt@rslﬁamo (#) is biasic epearagion in earoemting

of the components by the component mounter 5100, and hence
corresponds to a "task". That is, ten electronic components at
15 maximum can be mounted onto a board by one task.
[0383] FIG. 88 is a diagram showing an example of a component
library 5307b held in the component mounter 5100.
[0384] The component library 5307b is stored in the memory of the
component mounter 5100, and is a library generated by collecting
20 information specific to each of all component types that can be
processed by the component mounter 5100.
[0385] The component library 5307b includes, for example, for each
component: a name field Al that indicates the name (component
name) of the component; a size field A2 that indicates the size of the
25 component; a recognition method field A3 that indicates a
recognition method for the component to be performed by the
component recognition camera 5116; a nozzle field A4 that indicates
the type of a nozzle that can be used for the component: a tact field
A5 that indicates the tact specific to the component under a fixed
30 condition; and a speed field A6 that indicates the maximum speed
| ratio for the head 5112 that picks up the component. Here, the

component library 5307b may additionally include information
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5 appear ances of conponents of various conponent types are al so shown for

conveni ence. Further, in the size field A2, 0.6(nmx0.3(nm)x0.25(m) is
shown as the size (vertical |Iength xhorizontal |engthxthickness) of the
conponent having the conponent nane "0603CR', while _
4.8(mm) x4. 0(mm x3.0(mM) is io shown as the size of the conponent having the
conponent nane "3VOL". This indicates that the conmponent having the
conponent nane, "0603CR' is snaller than the conﬂonent havi ng t he _
conponentCR&RENITI/ENE Colpriofet he cuynipanen et ehkips of ABe eomponenti ve
met hod iér%%\/\ﬂkgs the recognition nmethod for the 15 conponent having the
conponent name "0603CR' and the conponent having the conponent name
"3VOL". [FiB8b4r Foirnexhenplmzihe thieelmhré, fistae AX i$ gent heapezl e

t for, ,havi ng the conponent nane "0603CR', while type Mis
shoun as %@3@%%@& FiNg Hifecm"gwm- hb'\ﬂrﬁg'ﬂﬁ@ec?ﬁp'dﬁemﬂ%nﬁzrre t
"3VOE". haarAAi-eat I | | r C nen
navi ng e caransea: SRy ofd8f s TOTBINAN o 2recaleS

requi r edstewn hforonponsenitavieng t h€urtbaponént thee $3MOL"fieldh tAR,tact

' d i the tact of th nent having the
e nod BB, 25 R ) LIS B, e sBR MR (DaHig e
conponerfiendtds RErizldm taP TBARA AL tﬂﬁ%ﬁng%é?agj t@?ﬂ%ggﬁ‘ﬁgﬁgﬁgh%m%tﬁf‘e .

conponent having the conponént name " re rapidly
t han t heC@BRBIRAE Naviengl bRS8 (Ripareihe hbien mi BvaLO (min) X0 (mm) e speed

- wah i i d ratio of the head 5112 t hat
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i ndi cat 8@ nBS spdéd,smaten sthaRe thensponpanicat spawingi nihe  for
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reflective method is shown as the recognition method for the
15 component having the component name "0603CR" and the
component having the component name "3VOL", Further, in the
nozzle field A4, type SX is shown as the nozzle type for the
component having the component name "0603CR", while type M is
shown as the nozzle type for the component having the component
20 name "3VOL". This indicates that a small nozzle is required for the
component having the component name "0603CR" and that a
medium size nozzle is required for the component having the
component name "3VOL". In the tact field A5, 0.086 second is
shown as the tact of the component having the component name
25 - "0603CR", while 0.13 second is shown as the tact of the component
having the component name "3VOL". This indicates that the
component having the component name "0603CR" can be mounted
more rapidly than the component having the component name
"3VOL". Further, in the speed field A6, "1" is shown as the
30 maximum speed ratio of the head 5112 that picks up the component
having the component name "0603CR", while "2" is shown as the

maximum speed ratio of the head 5112 that picks up the component
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5 that one conponent having the conponent name "0603CR' is picked wup, the
head 5112 is allowed to nove faster than the case that the conponent
havi ng the conponent nanme "3VOL" is picked up. The conponent |ibrary 5307b
has the above-nentioned speed field A6 as speed information. io [0387] As
such, when the head 5112 picks up one conponent, the transportation speed
of the head 5112 is restricted by the maxi num speed ratio corresponding to
t he conponent. Further, when the head 5112 picks up a plurality of
conponert@Vinchéher gaspoengntonammeetdVEL" heThisadnbximie sepsed catid by t he

gr eat est; | t] n h Xi,mum spegd. .rati os .

correspéﬂ i ng@ﬁ%?grﬁ%ﬁ?é}%ﬁﬁghéﬁtéﬁ itE@@ﬁpﬁﬁfatiiBP %%%%Ilﬁp'%en

the heador5th2 iekd Wl1de acipOnantsmaviary V41 eC OfAREBES NANEN | HRASCR'

and the conponent havi n%gt e conponent nane "3VOL", the transportation
[

speed of MeXeTHERqSBEeS {(§rarsperiatéant sperd HaxitdumTiPat dpeda Bastaieof 2.
038 | ' L "Q ' d
the_ Somibesd s SHMBopRRCRERANTEhe b RT: ROIRE U Q ICRT I takEt o the
board 5041 Hye dread &5kl 2ascaldinadtot iraive fhster tRant tige tdawe dupatthen of

pi cking u hol di nﬁ%i thenﬁ}c%rrponent 25 having the conponent nanme "3VO." and
- havi ng Fﬁgnbpé‘é‘trgr Y Spdaponantonama 10et " nigxPiiked pabd) Then
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Thus, in the conponent ‘nounter when a plura onponent’s are to
be pi ck&paqs infarmaticsr.ence to the conmponent 30 library 5307b, the head

contbnent 3k A5 sfiEhs T phsfhe HRd L 3B AR R OnREAT RGN BT ANBty o
conponertgnHhoketion spdsd bF tHhe h@%@f?fﬂﬂfi@?@sfﬂc@d ’ngﬂ%@%a Wqphurality

of conponents are nounted sequentially starting at a nponent having the

gr eat esSPeggkiratiia syueaspandingriat the, conepenapbnerfiurher ewh&ho@hies
provi ded i i Ay 05 3¢l g & rﬁilmfg'ﬁtfpoqarcgwﬁo}wré% s?le‘ctlﬂneer r\:Eirzgﬁgportation
speed of the head 5112 is restricted by the greatest maximum speed
15 ratio among the maximum speed ratios corresponding to the
individual components picked up. For example, when the head
5112 picks up the component having the component name "0603CR"
and the component having the componenf name "3VOL", the
transportation speed of the head 5112 is restricted to the maximum
20 speed ratio of 2.
[0388] That is, when the component having the component name
"0603CR" and the component having the component name "3VOL"
are to be mounted onto the board 5020 by one task, a condition that
minimizes the time duration of picking up (holding) the component
25 having the component name "3VOL" and having the greater
maximum speed ratio (the lower maximum speed) can reduce the
time duration necessary for mounting these components.
[0389] Thus, in the component mounter 5100, when a plurality of
components are to be picked up, with reference to the component
30 library 5307b, the head 5112 picks up the plurality of components
sequentially starting with a component having the smallest

maximum speed ratio. When the plurality of components picked up
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5 handl i ng order (pickup order and mounting order) for the conponents so
that the time duration that the head 5112 picks up (holds) conponents
having a | ower nmaxi mum speed is reduced. Here, the above-nentioned pickup
order indicates the order of holding the plurality of conponents held by
the head 5112. io [0390] Here, when the head 5112 picks up a plurality of
components by one task, the conponent mounter 5100 noves the head 5112 to
the pickup position for each conponent in the Z-axis direction on the
conponenbYstiigpheachbi 122 asa tane snosivtedddhat phural dyspbco atponenspeed

| t | num,. speed ratio of the 15 held
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speed corresponding to the greatest maximum speed ratio of the

15 held components. When the head 5112 has picked up all
components, the component mounter 5100 moves the head 5112 to
the board 5020 side at a transportation speed corresponding to the
above-mentioned greatest maximum speed ratio. When the
plurality of components picked up by the head 5112 are to be

20 mounted respectively at the mounting points on the board 5020, the
component mounter 5100 moves the head 5112 on the board 5020
at a transportation speed corresponding to the above-mentioned
greatest maximum speed ratio.

[0391] FIG. 89 is an explanation diagram describing pickup order
25 and mounting order for the components.

As described above, with reference to the component library
5307b, the component mounter 5100 determines pickup order
(holding order) and mounting order for the components in one task.
[0392] For example, when the head 5112 handles four components

30 pl, p2, p3 and p4 by one task, with reference to the component
library 5307b, the component mounter 5100 identifies the maximum

speed ratios of the individual components p1, p2, p3 and p4. Here,
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5 p4. That is, the relation between the maxi num speed rati os of the

above- nenti oned conponents is "conponent plcconponent p2<conponent
p3<conponent. p4", while the relation between the maxi mum speed val ues
(transportation speed limts) of the above-nentioned conponents is
“conponent pl>conponent io p2>conponent p3>conponent p4". In other words,
the maxi num speed of the conponent pl is the highest, the maxi mum speed of
t he conponent p2 is the second hl%ﬁeSt t he maxi num speed of the conponent
p3 is thEhenfempryeettlibeany (520 dbxishawspded exatmgle, cblrrﬁon‘eam(lrpanns t he
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. component p4 is the lowest. Here, the reason why the relation of
15 the maximum speed ratio in the component library 5307b is shown
as described above is that, for example, the relation between the
sizes (or weights) of the components p1, p2, p3 and p4 is shown as
"component pl<component p2<component p3<component p4".
[0393] Then, using the identified maximum speed ratios, the
20 component mounter 5100 determines pickup order for the four
| ~components pl, p2, p3 and p4. At that time, the component
mounter 5100 determines the pickup order starting with a
component having the smallest maximum speed ratio, that is, a
component having the highest maximum speed. Specifically, since
26 the maximum speed ratio of the component p1 is the smallest, the
component mounter 5100 determines the pickup order for the
'component pl to be the first. Further, since the maximum speed
ratio of the component p2 is the next smallest to the component p1,
the component mounter 5100 determines the pickup order for the
30 component p2 to be the second. Similarly, since the maximum
speed ratio of the component p3 is the next smallest to the

component p2, the component mounter 5100 determines the pickup
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5 descri bed above, the conponent nounter 5100 determ nes a nounting order
for the four conponents pl, p2, p3 and p4. At that tinme, the conponent
nmount er 5100 determ nes the nmounting order starting with a conponent
havi ng the greatest maxi num speed ratio, that is, a conponent having the

| owest maxinum speed. io Specifically, since the maxi mum speed ratio of the
conponent p4 is the greatest, the conponent nounter 5100 determ nes the
mounting order for the conmponent p4 to be the first. Further, since the
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to the component p4, the component mounter 5100 determines the
15 mounting order for the component p3 to be the second. Similarly,
~since the maximum speed ratio of the component p2 is the next
greatest to the component p3, the component mounter 5100
determines the mounting order for the component p2 to be the third.
Further, since the maximum speed ratio of the component p1 is the
20 lowest, the mounting order for the component p1 is determined to

be the fourth.

[0395] FIG. 90 is an explanation diagram describing a situation that

a head 5112 picks up components.
Based on the determined pickup order, the component
26 mounter 5100 causes the individual nozzles 5112a of the head 5112
to pick up the components.
[0396] First, the component mounter 5100 moves the head 5112
shown in FIG. 90(a) to the pickup position for the component p1 in
the Z-axis direction on the component supply unit 5115a and 5115b
30 side at a very high speed. Then, as shown in FIG. 90(b), the
component mounter 5100 causes any one of the plurality of nozzles

5112a of the head 5112 to pick up the component pl1 having the
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5 to the pickup position for the conponent p2. Then, as shown in FIG

90(c), the conponent nmounter 5100 causes a not-yet-picking-up nozzle 5112a
of the head 5112 to pick up the conponent p2 having the pickup order of
second. Wen the conponent p2 has been picked up, the conponent nounter
5100 reduces the transportation io speed of the head 5112 shown in FIG
90(c) into the maxi num speed of the conponent p2, and then noves the head
5112 in the Z-axis direction to the pickup position for the component p3.
Then, asPidHoMerderPPGfirgd( dWhemethe gsoneananiuptehas 1peep auiskedaup,

not - yet - pi gkl ng- t i t
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speed of the head 5112 is restricted by the maxi num speed ratio of the
conponenpigked Lp3dgle ot ponend mo underanh0lore dii ags dinedbsrs o rt@ton

situati.o t 0 nmount s ts. en the head 5112 noves
to the noRsaaierAdfe Aedifou 2 RaBRILIE Finatl ol Riterkg o e imena SRR nen

mount er. ofl@Ren@emisoneAldH 2 haneoeReReHcy & ¢kednhERddY 1tie jRAFE gsaRid2a of
the head 5112 at the nounting points of the board 5020. 0399%I First, the

conponerfiirRgtitertosthe Risksptpesiéad Biarizhesromponentcp391(Eene ase
mounti nos W THOTFIGE §8FA9NeHe PEoPhponent mounter 5100 causes a

not-yet-picking-up nozzle 5112a of the head 5112 to pick up the
15 component p3 having the pickup order of third. When the
component p3 has been picked up, the component mounter 5100
reduces the transportation speed of the head 5112 shown in FIG.
90(d) into the maximum speed of the component p3, and then
moves the head 5112 in the Z-axis direction to the pickup position
20 for the component p4. Then, as shown in FIG. 90(e), the
component mounter 5100 causes a not-yet-picking-up nozzle 5112a
of the head 5112 to pick up the component p4 having the pickup
order of fourth,
[0397] When individual nozzles 5112a of the head 5112 pick up the
25 components pl, p2, p3 and p4 respectively, the component mounter
5100 moves the head 5112 to the board 5020. At that time, the
transportation speed of the head 5112 is restricted by the maximum
speed ratio of the component p4,
[0398] FIG. 91 is an explanation diagram describing a situation that
30 a head 5112 mounts components.
When the head 5112 moves to the board 5020, based on the

determined mounting order, the component mounter 5100 mounts
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| ‘nounted, the conpodnent mounter ~ 5100

5 the board 5020 at a very | ow speed. Then, the conponent nounter 5100
causes the nozzle 5112a of the head 5112 that picks up the conponent p4 to
nount the conponent p4. As a result, as showmm in FIG 91(b), the head 5112
goes into a state that only the conponents pl, p2 and p3 are picked up.
When the conponent p4 io has been nounted, the conmponent nounter 5100

I ncreases the transportation speed of the head 5112 shown in FIG 91(b)
into the maxi mum speed of the conponent p3, and then noves the head 5112
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~conmponent pl. As a result, as shown in FIG 91(e), head 5112 goes
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Then, the component mounter 5100 causes the nozzle 5112a of the

15 head 5112 that picks up the component p3 to mount the component

| p3. As a result, as shown in FIG. 91(c), the head 5112 goes into a
state that only the components pl and p2 are picked up. When the
component p3 has been mounted, the component mounter 5100
increases the transportation speed of the head 5112 shown in FIG,

20 91(c) into the maximum speed of the component p2, and then

' moves the head 5112 to the mounting point for the component p2 on
the board 5020. Then, the component mounter 5100 causes the

nozzle 5112a of the head 5112 that picks up the component p2 to

mount the component p2. As a result, as shown in FIG. 91(d), the

25 head 5112 goes into a state that only the component p1 is picked up.
When the component p2 has been mounted, the component mounter

5100 increases the transportation speed of the head 5112 shown in

FIG. 91(d) into the maximum speed of the component p1, and then

moves the head 5112 to the mounting point for the component p1 on

30 the board 5020. Then, the component mounter 5100 causes the
nozzle 5112a of the head 5112 that picks up the component p1 to

mount the component p1. As a result, as shown in FIG. 91(e), the
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5 head 5112. In the conponent nounter 5100, since the maxi num speed ratio
is set up to each conponent as described above, when each conponent is to
be picked up by the head 5112, the head 5112 is noved in the Z-axis
direction on the conponent supply unit 5115a io and 5115b side with
changi ng stepwi se the speed of the head 5112. [0401] For exanple, between
time tOand tine t1, the conponent nounter 5100 noves the head 5112 to the

pi ckup position for the conponent pi in the Z-axis direction at a
t r anspor NgEidbh 1dgeg@emintoTastatandatime dorapodiars mpigkakeg.upThies,

[ [ en nter 5100 .o t he head 5112
o PhepingL By FlubhE CSTRRRCRofBY e 9BgA 32! i By
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p2 at tiﬁ@gpéﬂrﬁ{g Ednison i grB I a0 vITTD the trevspantatissnapsedot thehe
pi ck PRSI for the conponent p3 in the Z-axis direction at a
tran?ﬁorﬁgﬁyoﬁagéged V2 yet lower than the transportation speed V3,

between tine tIh dheé tomepolentheroumben s 0E, bﬂ?%%gtg&rﬂﬂ@ﬁtrfﬁﬂkﬁﬂa%@%ﬂg t
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the. pi okIAI95 5,56k (Bd G234 SOTBRABRII: a540PACHIRET ADQE dihen | oacht a
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et ween SOTIPENERETS, 16 DEpitRLBIub ML G Hadd SPEL SR hENEREP S 182 I8ent pa
Cat tinme MOYe40D] theerd;axisetirecticrompoibet com pasebeaumplskanitp11%e 30

conpihene s DhSh S o S Gint: St Bl e e SBRechpE iRV 51 ber t han
the transpeo1atFen e@@ﬁ%léﬂlbéﬂé‘@ﬁrﬁﬂiﬁo ahgt tifleaPfl, the &QH%dnJﬁﬁg

when the conponents (gl cked UP by the head 5112 are to' be nount'e _
conponenGibiigre b IO anevessthad¢addd 5122to dina péckopr posiaden viorhthledangi ng

stepw secd i ERt P ihthd'%R4xis direction at a transportation speed V4.

Then, when the head 5112 has picked up the component p1 at time
15 tl1, the component mounter 5100 moves the head 5112 to the pickup
position for the component p2 in the Z-axis direction at a
transportation speed V3 lower than the transportation speed V4,
between time t1 and time t2. Then, when the head 5112 has picked
up the component p2 at time t2, the component mounter 5100
20 moves the head 5112 to the pickup position for the component p3 in
the Z-axis direction at a transportation speed V2 yet lower than the
transportation speed V3, between time t2 and time t3. Then, when
the head 5112 has picked up the component p3 at time t3, the
component mounter 5100 moves the head 5112 to the pickup
25 position for the component p4 in the Z-axis direction at a
transportation speed V1 yet lower than the transportation speed V2,
between time t3 and time t4. Then, the head 5112 picks up the
component p4 at time t4.
[0402] Here, when the component p4 has been picked up, the
30 component mounter 5100 moves the head 5112 to the mounting
point for the component p4 on the board 5020 at a transportation

speed VO yet lower than the transportation speed V1, between time
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5 5112. [0404] For exanple, when the head 5112 has nounted the conponent
p4 at tinme t5, the conponent nounter 5100 noves the head 5112 to the
nounting point for the conponent p3 at a transportation speed V1 higher
than the transportation speed VO, 10 between tinme t5 and tine t6. Then,
when the head 5112 has nounted the conponent p3 at tinme t6, the conponent
nmounter 5100 noves the head 5112 to the nounting point for the conponent
p2 at a transportation speed V2 higher than the transportation speed V1,
bet ween tfn@ndetnd tine t7. Then, when the head 5112 15 has mounted the

conmponen i t 100 ves t d 5112 to
t he m)uniloﬁs) %Ig}rhteﬁo‘}rmte ﬁeai%%gﬂg)ﬁﬁgrbﬁ@ﬁwlgé’q Pi’ngﬁfoﬁeaﬁeaﬁ% LV
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componenPmb0Rt BPasE YoBsChABahBAdStARYI$® thes speasbrdntheudpad unit
5115a angj 15115b side at a transportation speed V4 yet higher than the
transportation speed V3, between tine t8 and tinme t9. [0405] For exanple,
in the cf8é40dhereor hexaompbmemvheountiee HdHY Gdus2s hidwe teaihbdd2the pi ck
up the conﬁgnent 4 fi rsg and 25’? nmount t he corrwﬁonent p4 at |ast, the
corponenfOIRRRREN SR P KR Enlre the L HBRPEAND MPUNtEr 3 1AL pHaves shespeed
VO for ahkenp $i11e K18k aPl ek t c ti he
nounting of the C(_)rg)){);t?rﬁ h@gdqtﬁhgorﬁ;@t ?Bgcgﬁﬁdggﬁpgﬂﬁ@ﬁséktg
enbodi nebtanspoetatiersspegdoy Inbighegr tthamdhe Sid@sportdtionr apepdr VaX,i on

oot~ pgihisEn SR e 4B d BB O LT onTBRska MheR ni G B ad1 A Chobas
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operation_ that the conponent nounter 5100 nounts conp
the conpeA& MRVAsdhesheadbhitia the qoopurieng paint for the component

p2 at a transportation speed V2 higher than the transportation

speed V1, between time t6 and time t7. Then, when the head 5112

15 has mounted the component p2 at time t7, the component mounter

5100 moves the head 5112 to the mounting point for the component

pl at a transportation speed V3 higher than the transportation

speed V2, between time t7 and time t8. Then, when the head 5112

| has mounted the component p1 at time t8, the component mounter

20 5100 moves the head 5112 to the component supply unit 5115a and

~ 5115b side at a transportation speed V4 yet higher than the
transportation speed V3, between time t8 and time t9.

[0405] For example, in the case where the component mounter

5100 causes the head 5112 to pick up the component p4 first and

25 mount the component p4 at last, the component mounter 5100 need

move the head 5112 at the transportation speed VO for a long time

from the first pickup of the component p4 until the mounting of the

component p4. In contrast, according to the present embodiment,

the necessity of moving the head 5112 at the transportation speed

30 VO for a long time is avoided, so that the head 5112 can be moved

faster.

[0406] Here, the transportation speed of the head 5112 shown in
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5 be nounted by one task (step S5100). Then, with reference to the
conponent |ibrary 5307b, the conponent nounter 5100 identifies the maxi num
speed (the maxi mum speed ratio) of the conponents (step S5102). Then, the
conponent nounter 5100 determ nes pickup order for the conponents
identified in step S5100 so that 1o pickup is perfornmed sequentially
starting at a conponent having the highest nmaxi num speed (step S5104).
Then, the_conponent pounter 5100 determ nes a nounting order for the
conponenFEG-Eﬁ%hﬁﬁ?5§Bemﬂa§£eﬁxsslnbiso that nounting is perforned

1515106y, ook Srole ArowCEABEEsRo WY BPelaBiarEIRRh I HENIRORERE, (1 he
conponenmownteres 1D oantescodimpdre@dtH112 to pick up the conponents,

t hen nov ' nd then causes it to nount the conponents onto the board
5020 in ﬁ@%@?&dﬁ&%‘h n\%CPH&Daaﬁé\tWtﬁ %Q@tiidﬂjlntgﬁéércqm%b"@sﬂ%m. As a

resulgt, I @qu_@tﬁ S 5\%%% unt n 2 [ 0409]
As Su50h, Bgvrgn Int gvc?agg er gél;?eﬁﬁé %g%@ilmﬁ’n%@te%m%'gcep%ﬁg%g:g)dg?l%t
exceedi ngorHEohenedibreyi MBQ Alpedh eotonhpo neadporoam e &l1d) By demt i fiead
5112, th lural it f,.25 conmponents are handled by the head 5112 in
accor dan e\ﬁ‘gﬁp'?"ﬁ’é“ ?ﬁ’%ﬂap(t redg?g)gﬁaumegl?ﬁﬁﬁj}triaﬁ@)o?ﬁé%ed@@Tﬁl@fﬁﬁﬁt%s

descri begstalpoves100he tTRRNIUERE! @BrhPBhehtc anear 83004 rettifEs! mm
speed is _picked up'by the holding unit is reduced, so that the
t r ansporRigkilgh Orsisse f0b L heheotmapo neEnts tdentificichén eskagl. SFH0H sedticas t he

Fur cRer PR 1 ey RrsiamsealntTally St8rBical SncomamaeiF ha ing Hues:
maxi mum isiggrestof miah@rmomposiseed Risekpd 991 by)t hethead m@%cﬁﬁﬂﬁonéme

conponents are prevented fromdeviating or departing fromthe head 5112,
so that MRUNEHpIdH sdetgirairas abemobBting wdal far othéecoupensok.

[0410] lipehtifibHah Sfkp &1 d0' &5 9 VURUNTh SR RO AR E [ ntially
starting at a component having the lowest maximum speed (step
15 S55106).
[0408] Then, in accordance with the determined pickup order, the
component mounter 5100 causes the head 5112 to pick up the
components, then moves it, and then causes it to mount the
components onto the board 5020 in accordance with the determined
20  mounting order (step S5108). As a result, all components of one
task are mounted onto the board 5020.
[0409] As such, even in the case where the head 5112 is moved at
a speed not exceeding the lowest maximum speed of the
components held by the head 5112, when the plurality of
25 components are handled by the head 5112 in accordance with the
pickup order and the mounting order determined as described above,
the time duration that a component having a low maximum speed is
picked up by the holding unit is reduced, so that the transportation
speed of the head 5112 can be increased. This reduces the time
30 necessary for component mounting, and hence improves throughput.
Further, when the head 5112 is moved at a speed not exceeding the

lowest maximum speed of the components picked up by the head
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5 not having the function of nozzle change in accordance with various
conponents are distributed in the market recent years, the present
invention is remarkably effective. [0411] That is, in a conponent nounter
descri bed above, nozzles necessary for nmounting of one board, that is,
nozzl es corresponding 1o to various kinds of conponents, are attached to
the head in advance. For exanple, nozzles of type S, type M type L and
type LL are_ attached. Here, for the purpose of inproving the throughput,
the nunBdd of thasikempaents rasdugrevertes fepm ofevibéieg oz degenibeg  pi ck

up conpo S ceardi 5 t e | various. 15 kin of
conponent's an hﬁﬁﬁ%Fq{E%g%ztdﬂgdﬂﬁﬂfgﬁghggﬁpﬁén t§dcaﬁyagﬁin'§§ﬁf ?%412]
In this mdwatedrontd theundband H@pe.performed sequentially starting at the

smal | est @gn@ nt as in the conventional art, the transportation speed of
the headl®&d BRI tURiPRatheh o lRfgRIN Y bRY af feemPaneRt FBOUMSEEY ed.

rovever . nae HIANIOLe FURRLRIS AN o721V BRBHER i BEKURAARIR! WAL VIRIL N
order are determ™ned so tha t he I e uration that "a conponent avling a
| ow t r anepoTp@bénhs aspedibtributertiicrdheThisrkatprovest tearts, aepprésehbn

speed of. the ,.head, and hence ipproves throughput. Here, in the conponent
25 nmount S4B ORal ﬁ%n}q{é(agﬁéfvﬁf?r%ﬁi‘f%ned function of nozzle change, the

nozzl e s(@4190 PRathsehint Becohafiataht tnoRARe?SdBLErINAr HhERE, nd 2783 ! { ed.

This permts Size reduction of 'the conponent nounter, 0 he
product i bACepaey fandousitingdmfoenerbodid sthat thenozrbespoonrgspohdinge

The Wormn LI ES RRRIE S RaP ic0fs card Befadhau o fite had B BhéHcaunc s
the conppaerdsampie, beepzes Gfi Wﬁeagt,)vaé-a_ﬁ,vwﬁe rl?fe?lﬁé”&?péouﬁ are

enbodi ments. However, the present invention is not limted to these.
[0414] rRtachashl eHarg, thes HyowrurRese mfetmexanpne, thardhrooghgmentthwunt er

5100 hasy | R &Y k" heRy B FLALAERY Thus, all of these nozzles need

pick up components. Accordingly, the head need pick up various
15 kinds of components and mount these components onto the board
by one task.
[0412] In this situation, if mounting were performed sequentially
starting at the smallest component as in the conventional art, the
transportation speed of the head becomes low, so that throughput is
20 difficult to be improved. However, according to the present
-invention, pickup order and mounting order are determined so that
the time duration that a component having a low transportation
speed is reduced. This improves the transportation speed of the
head, and hence improves throughput. Here, in the component
25 mounter not having the above-mentioned function of nozzle change,
the nozzle station on which the changeable nozzles are placed can
be omitted. This permits size reduction of the component mounter,
reduction of the production space, and cost reduction. This is the
reason why a large number of such component mounters are
30 distributed in the market.
[0413] The component mounting method in which the component

mounter 5100 mounts the components have been described above
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5 apparatus, and has determ ned the pickup order and the nmounting order for
t he conponents. However, the fifth conponent nounting order determ ning
unit 308e may include the order determ ning apparatus and determ ne the
order. In this case, the conponent nounter 5100 acquires the pickup order
and the nmounting order for io the conponents determ ned by the fifth
conponent nounting order determning unit 308e, and then handles the
plurality of conponents in accordance with the pickup order and the

mount i ngWokiERTRERN &) topeBrbadiniends, ddowever, jbe preseohpprentiamist i ng

onto theggggﬁhgﬁépaﬂﬁgéper, In the present enbodi nent, the conponent 15

nount er e conponent library 5307b. However, the fifth

conponenfO4bdit i For ordermedepr thni tige ukibov@dmarmyoheld ekamples e, thde |
above-nentioned OE der determnin pparatus includes: a speed identifying
unit t hatCiMtRARER eEn‘PHQtﬁﬁxﬁm sgééd ingluded e nerdepedgreoniniig head |
5112 an ) [ [ 2 e m | r t he |
Companent BPEne et oG B Mgt P ek ST R M R RS ni e |
maxi num gpaedferthe ¢amporéerts up Howelerhead fith2co s penkeatdnoB4iH]

Further, _in the above-mentione ampl e, .th onmponent . noynter 5100 has
_dgt er ni n%'léd?’h %@/lwa%r%'rt gﬁq ﬁg‘ayzﬁném%%?soéﬂﬁérHﬁﬁ@'frﬁgnfng
det er m ngfph RSt AP GeEermige tHie Gemonen %hié*%@éeft%%ﬂg%t J&Rg order

may be determined first, and then the pi ckup ‘order ndy rm ned.
- Fur t her, MOunter Sipdvacaumesiled pickup erdaf taard thei me wietipgno reer foe

i ckup. . ' er .for_the conponents, the.conmponent 30
rouriter SE0GORIBEpkRE s e R HEGHER: shRr e €SP oRE NG S BERT mount
t hem ont detdren heiaiglubPE9 0 Sua@ th ehfiRa hiiled 8helpl I RY B i Abnf@UNt T N
order is arbitrary as long as it is before -128 the unt 1 ng of
conponerflsaceprdafaapvth Famicky peddermiyd the seoentingorderdiaving

oo wabge i SRR, o M L0 eflei o BARRL BHRLRENA hid Sosy ne
head 51120atdhes@2Oporfamtthayrihethe present embodiment, the component
15 mounter 5100 has held the component library 5307b. However, the
fifth component mounting order determining unit 308e may hold it.
Here, the above-mentioned order determining apparatus includes: a
speed identifying unit that identifies the maximum speed ratio
(maximum speed) of the head 5112; and a determination unit that
20 determines handling order for the components so that the time
duration that a components having a great maximum speed ratio is
picked up by the head 5112 is reduced.
[0415] Further, in the above-mentioned example, the component
mounter 5100 has determined the mounting order for the
25 components after having determined the pickup order for the

components. However, the mounting order may be determined
first, and then the pickup order may be determined. Further, in the
above-mentioned example, after having determined the pickup
order and the mounting order for the components, the component
80 mounter 5100 has caused the head 5112 to pick up the components
and mount them onto the board 5020. However, the timing of

determination of mounting order is arbitrary as long as it is before
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5 5100 has noved the head 5112 to the pickup position for each conponent.
However, a plurality of conponents may sinultaneously be picked up by the
head 5112 wi thout noving of the head 5112. For exanple, in the
above-nenti oned case that the pickup position for the conponent pl is

| ocat ed adj acent to the io pickup position for the conponent p2, the head
5112 picks up the conponents pl and p2 sinultaneously with two nozzl es
5112a without nmoving. Simlarly, in the above-nentioned exanple, in order
that eachhednpsHungicf eompeaedts.o Foe doanp 80200 unting codernedy beunt er

componenf UFETUDER SE8GY B Trcie Rty akenPicked i bYihe ie#d hekd- 5112

may si nuf 04nEduBLtHer, TAuNedbovichent ntioveéa@amipie, heaftdeklthatthch
exanple, in the above-nentioned case that the nounting position for the

conponenEOFIPPBENE ISt Birkead Ui bt the herd iplib2i kfepesmponenbmormter

it angacd) GF  RRed S edBC313 2 R AR HIEhRPosditA fer eash i1

the aboveenemonendéd exarpbwievérs canmpopRntalityi brafy &3Moheatshowrayhe
maxi mum s ee?l ratio. xi mum speed_may be shown. Further, the
u

I—%wev_er,céhe ma b ]

conponen? TRBIRREC Y51 S DEPIGKE HQC’?Y;hﬁhléeﬁﬂx'ihﬁ%‘ﬁﬂé'&#trmq\ﬂnG@Hhﬁm .

speed) OfeagAT f@ﬂp%ﬁmex%ﬁﬁgﬂ%pﬂ { i5e CBBYR M el ibTied NaddithAr thae 11 ke
3(59b. q‘h y ene na

shown in the conponent |ibrar e reason Xi mum Spéed can
be i dent pfakup oposhiopofiportbe coimpoinerithal igatddatddhradijelcgritotohthds in

| bet t he. t si d 30.t i d. That is, h
Yol ok ornP AR hOSEIGRERPE DSiB0RENT B2 ed NoAtBL L RePink Mt BBecd.
need be J:@Mﬁpd\ﬁ{:}h?s Wl_erhﬁd‘ePQO@Wlﬂﬂénéb%%IgsvﬁFﬁ' bwol %iﬁéb”@ﬁf@ged may

be high. -129 Thus, with reference to the conponent size t'he conponent
i brary Wsdoyut meviegnpobhémtilardyntior tBe0abspearimeadiamed nexampiespéed to

coch, compgpri, SAEh, ERFORTACIY PObGR SR EL RSP BEPY SDEY. I

component mounter 5100 has moved the head 5112 to the mounting

15 position for each component. However, a plurality of components
picked up by the head 5112 may simultaneously be mounted without
moving of the head 5112. For example, in the above-mentioned
case that the mounting position for the component pl is located
adjacent to the mounting position for the component p2, the head

20 5112 mounts the components pl and p2 simultaneously with two
nozzles 5112a without moving.

[0417] Further, in the above-mentioned example, the component
library 5307b has shown the maximum speed ratio. However, the
maximum speed may be shown. Further, the component mounter

25 5100 may specify the maximum speed ratio (maximum speed) of
each component based on the component size, the tact or the like
shown in the component library 5307b. The reason why the
maximum speed can be identify from the component size is that
particular relation holds in general between the component size and

30 the maximum speed. That is, such relation holds that when the
component size is large, the maximum speed need be low, while

when the component size is small, the maximum speed may be high.
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51n this case, the speed field A6 of the conponent |ibrary 5307b can be
omtted. This suppresses the anount of information. Here, the maxi num
speed rati o (maxi mum speed) of each conponent may be specified fromthe

t hi ckness solely in the conponent size. Further, when the conponent

i brary 5307b shows the weight of each io conponent, the conponent nounter
5100 may specify the nmaxi mum speed fromthe weight. The reason why the
maxi num speed can be specified fromthe conponent size is the sanme as the
above- mrefhiusneditbaeeferande & thatcpanorehtsizebithenchwipsneet Wearyt he

conmponen jgh maxi mum e 041 Further,.in the

cbove- moratbathE BB el FHNEREF 540 srekibies tie Maxiblunoingetlas
been chatgedabhsedngsohbAt NexitREe theeeanspbptdtion speLaPeedhspugdi n the
conponent__|ibrary 307b. However, the acceleration of the head 5112 nay be

changed. Az inaestEriedifios a cammponent bavinged langer 66 MPOACIY! $iz&.i on

may C . t o] t Lhe e
pick%ﬁ ogﬁg?ﬁgﬁﬁﬁ#%éﬂﬁ%Eﬁ%gﬁg?gﬂgéggg%ggﬁaq%ﬁﬁgﬁgﬁggEgﬁ%Fgﬁﬁ%%azgn$%QrIy to
t he casebefotrittethxi Mhis Spggr-asaidsoth@BrhbanesdinfbihationsucHepecaise, the
present invention has an effect simlar to, the above-nentioned one. In

gener al , MXEANYEN eationpmdmuphspead) 0§ easieaoaRPBRNEENEYYDEL t he
' , : f a ' - UD: whi |
same ﬂaéggenméa% nwa_%rﬂh%gﬁtegg %@%&WWH‘P eﬁ%yrﬂp%%ﬂ@.zgg"ppg?mer e

t he (maxi acceleration o I'S SO hanged pendi ng 6n the
propert ywhstrththe chenporendndibineeywess 3§07p <thdws themeergtt Jdhisach

and HonceoMe REnts Bl cramReBRnicanaN A on o 1A Haip] SPERAh FRE hoad
Pi cks Upm ££ith Lin¢ ¥POEE Vi ne bk weﬁgmbsoweeréﬁggﬁ g;{he}kfﬂﬁeaﬁ%*ﬁﬁ%ﬁon of

the -130 head is set up to be great”. \Wen the s up a large
conponenspeefecansyt wpeaifiedefrufmt Hee anyelpermnibsizd is tbehsarhe assthhe up to

e OB BEERTEAY Ehke, BRF18 bR ERAL P BRI BRIk bethieen
the component weight and the maximum speed.

15 [0418] Further, in the above-mentioned example, the transportation

' speed of the head 5112 has been changed based on the maximum

speed ratio (maximum speed) shown in the component library

- 5307b. However, the acceleration of the head 5112 may be

| changed. Alternatively, the transportation speed and the

20 acceleration may be changed. Further, the component mounter

5100 may determine the pickup order and the mounting order based

on the acceleration similarly to the case of the maximum speed ratio

of the head 5112. In such a case, the present invention has an

effect similar to the above-mentioned one. In general, in a

25 component mounter, the head is moved approximately at the same

maximum speed regardless of the type of a picked-up component,

~ while the (maximum) acceleration of the head is solely changed

depending on the property (such as the size and the weight) of the

component. This acceleration includes positive acceleration and

30 negative acceleration, and hence indicates

acceleration/deceleration. For example, when the head picks up

small components only, the absoilute value of the acceleration of the
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5 speed in the above-nentioned enbodi nent may be replaced by the maxinmum
accel eration, while the transportation speed (speed) may be replaced by
the accel eration. [0419] Further, in the above-nentioned exanple, pickup
order and nounting order for the conponents has been determ ned first, and
o then the head 5112 has been controlled in accordance with the order.
However, any one of the pickup order and the nounting order nay be

determ ned, and then the head 5112 may be controlled in accordance with

t he det ePRRfedSofabr up[ t220le maaler, Wherhdhebdweadepitksiedperanptree t he

ronever  CotiZonéns Eh¥ AFLORIEEVARE Bt the BEREASHER afte oifad B Feb " he
head 511@Qpny beesovent s offiiags basedr@mdiye aresiifuth s paeddrat ivéntiohhat

conponent Iibra(rgy 5307b simlarly to the transportati on speed. Then, the
rot at i on'Sspéaatisel ithaththa ancelerayian is ndranged; sthusathezmaxirougmput

Chn & mopeaue the diovel AATdoRU 8RTholIn@rASHAR pFeSRdBAALT t Mt

t he conponent nounting order determ nation proces
execut edmasimum kRecaperationg white theslticangpepiEtiahusp 808 (spddd nayt he

conponent nountin rder determ nation processing perfornmed by 25 the order
det er mi n#’ﬁd%@ﬂ&legj[ E¥ ﬁ?ﬁ aGc&leraboRent nounter 5100 or the fifth

componentoa 9t E e HArIeH RS AHYVE 1 eiitidn Sl aBambIeAHERHI Bl ePnd

executed. [0422] FIG 94 Is an external appearanc show ™ ng "an overal |
conf i gurAtQwntiog ardenmfondite counpongntgsham s detarmgindd First) and

compBhertieBihed € 0bPaTtAs TR rantiletlp accordRREe WIsh iR OFAekn ch
el ect r onHEWV@ONSY o€ YPEREBiek Ul Brdefdn AodREINY dritfert higgy that a

circuit board (board) 20 is transferred fromthe upstreantt
downst r @ dgferaingghagatknthemptinat heaaB0b1 1 Ratmayndyescohtraitegoirent

ount er 3, &9 ANCe TRR tE"Fetd I iFEGRGRED; ToUNt er's 5100

[0420] Further, in the above-mentioned example, the head 5112 has
15 only performed parallel displacement without rotation. However,
the head 5112 may be rotated. Further, the rotation speed of the
head 5112 may be controlled based on the maximum speed ratio in
the component library 5307b similarly to the transportation speed.
Then, the rotation speed of the head 5112 may be increased, so that
20 throughput can be improved further.
[0421] Further, in place of the configuration that the component
mounting order determination processing is switched and executed
as in the operating time reducing apparatus 300 in FIG. 2, the
component mounting order determination processing performed by
26 the order determining apparatus for the component mounter 5100
or the fifth component mounting order determining unit 308e may
exclusively be executed.
[0422] FIG. 94 is an external appearance view showing an overall
configuration of a component mounting system 5010 having this
30 configuration. The component mounting system 5010 includes: a
plurality of component mounters 5100 and 5200 that make up a

production line in which electronic components (components) are
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5 and 5200 have mutually the sanme configuration. [0423] [Sixth Conponent
Mounting Order Determning Unit 308f] Wth progress of function

i mprovenent and size reduction in electronic apparatuses such as a
personal conputer and a portable phone, high-density conponent nounting is
required in the circuit 10 board (referred to sinply as a "board",
hereinafter) built in the electronic apparatus. Thus, a conponent nounter
for fabricating such a board is desired to have a function correspondi ng
to extr@RUpted osldiriug adbecytimanthay @ heiscuitdi baaed t(bararddond@nésit s are

nount ed r | ye el OS Sitl 1th ea 1 t her aqn_a board).

[ 0424] F?réne%%rlés@a fgtéggrgtrnoé;esdcé%?ﬁghe%q eﬁBFy apg‘é'égq&%geenc@ﬁdm%nti ng.
This fi gotenagemwsenint efea eess t IEB0Goulhtbe nggnggaisedthwhegom Apent
6003 is nmounted onto a board 6004 and then a new conmponent 6002 (the

conmponent BHOEENS a0 BN dy 20 pi El&ns, 20N @ oM @De Nt oM a wateysmsdriknt
nounteer , 4} ' ' t LLds I mredi ately close to

t he gonp%blgn%Qggog.éqgﬁ}erﬁ)tcdo%{)gﬁgg gg%g %ﬁﬁgél‘%@?"hei ght (a smaller
conponenf042Bi] ckKpietk) Comaportentc dhponeing &Qfer Detdruntmierg nasid de8fpunt ed
at a posiw.' on extrenely close to the con\*/ponent 600%. Thi s cguse_s 25
interfer Ht’% PrRAreRe AfcKNGHRY | dnMByPVeBEntdandi shze héedeskhel 6003
and_henceldchpo ARMBRMITatAIES S8R0 BepEPUDhEH co‘?ﬂh‘&tb?%?@aé dibadie Here,
in addition to such collision between "the prckup hozzle (or t'he nounting
head of phenepnpighettensitnteympament moupdiremtis Faq eirter endbeakswuincl udes

ool 105; dRogE wiatePred fornaieN, 25 o et n D SetRaparas budltam tie
COWponerélecfmblﬁtce@pﬁfbr‘a’t@s‘?oa'l'ﬁhs,'é%ﬁl%@n@rﬁ‘ﬁﬂﬂgwrﬁiﬂ YabFi@alfflgr that

such extrenely close adjacency nounting is g;oce_sse vari ous conpohent
nmount i nSYER hadPorik ipedasiieshobrdhayee, a f Buneliaml egrresporediand atal- Open

Patent  Bufidrfialy ONcfite 2094;3¢8R8y (FrifSuntind © teh@d MRS ) endt the
components are mounted at extremely close positions with each
15 other on a board).
[0424] FIG. 95 is a diagram describing extremely close adjacency
mounting. This figure shows interference that could be generated
when a component 6003 is mounted onto a board 6004 and then a
new component 6002 (the component 6002 picked up by the pickup
20 nozzle 6001 of the component mounter, in this example) is mounted
at a position immediately close to the component 6003. The
component 6002 has a lower height (a smaller component
thickness) than the component 6003, and further need be mounted
at a position extremely close to the component 6003. This causes
25 interference that the pickup nozzle 6001 collides with the
-component 6003 and hence the component 6002 cannot be mounted
onto the board 6004. Here, in addition to such collision between
the pickup nozzle (or the mounting head of the component mounter)
and a component, interference also includes collision between a
30 component and another component (for example, collision between
‘a component picked up by the pickup nozzle and a component

mounted on the board).
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5 techni que disclosed in Japanese Lai d-Open Patent Publication No.

2003- 37396, all conponents to be nmounted are divided into groups depending
on the height of the conponent, and then conponents belonging to a group
of a |l ow height are mounted first. As such, -interference is avoided in
extrenely close adjacency mounting. io [0426] However, in the conventional
art described above, in a conponent mounter of modular type, for the
purpose of tact reduction, processing is perfornmed that individual

mount i nglBd2mlsConvendionally, imosdesdhe taswch et resselyoekise adiaeenayi ng

nt or t or SR BARLE T PPREERsER SRk S et Phf IR OREIng rab b ve ™

contrarybeiem tfopasedw(ges, dant igxg raplef ﬂ@pahfe@ecq_rm@n@ﬁ@nl Patent
determn dQ\rﬁ“h t aki ng interference inlo con | deration, no attention has

been pai IGARIODNReZDQ a3/ 8RO (RkeS; sll('b'obb?)na'ﬁdnti"k%éllk@)der Iy Hlae

condigio ter e ?ﬁ% t 4 ] Further

in thge cg%(f:/lgﬁ% lkoé]na(lfﬁSf(:ﬂ?gd(gs'cﬁr ?8? oévg'aquhe acﬁjgtttér{ﬂ{] Lﬁﬂ érf%uﬁﬁlir\llg "head

of the caﬁ]ﬁ)@?é’tﬂB%uaﬂiecopwtbnemﬁsetocbe murmed)aeeacuslr\]ndetjaaﬁatgogrdﬂ@ps t aken
e nmethod is

I nto consi deraf.i on. Esn robl em t hat
i nsuf fi cPERELBPIa0b %’ﬁg efﬁh’?'érq eﬁé‘?ﬂ MPAnRERbmeiNd thedeCan ReBRAYS
mount i nghel®iging *t% 859}‘;‘29? gPtd POWORR ﬁtoé‘ré ;}ﬁbﬁfﬁt@% kP8t Op%rsagh% t hat
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operat i ontanfierenopds savoidgdmn emeimemeal qbdaae@qua?rczﬂnca} rmounftitngboard) in
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| ocus at the time of next conponent nounting. By virtue such arch
noti on ofRAWEliON, RHRCEsSINgts Parformadnthat indigsglwak mounting poiadsi s

el VBRSPS ATRE DRSCR! heler R MEuIRY' QRugPRpP! LoD
di agram tlesccopgnenter fiar ewsh ceusledaby determined. At that time,

15 interference has not been taken into consideration. Further, on the
contrary, in the case where mounting order for the components is
determined with taking interference into consideration, no attention
has been paid on the process that the tact is to be minimized under
the condition that interference is taken into consideration.

20 [0427] Further, in the conventional art described above, the fact
that the mounting head of the component mounter performs arch
motion operation has not been taken into consideration. This has
caused a problem that the method is insufficient for avoiding

| interference in extremely close adjacency mounting. Here, the

25 arch motion operation indicates the operation that the mounting
head of the component mounter performs lowering and raising
operation and XY operation (movement in a plane parallel to the
board) in parallel. For example, this operation is that as shown in
FIG. 96(a), after the mounting head has completed the mounting of

30 a particular component onto the board, the mounting head moves
with an arch-shaped locus at the time of next component mounting.

By virtue of such arch motion operation, the transportation time of
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5 notion operation. This figure shows a situation that the conponent 6005
pi cked up by the pickup nozzle 6001 is Iowered froman oblique direction
by arch notion operation and hence interference arises so that the
conponent 6005 collides with the conponent 6006 al ready nounted on the
board 6004. Such interference does not occur in io the case of nounting

w t hout arch notion operation, and hence is interference specific to arch
notion operation. In the conventional art described above, interference at
t he ti neth@anougingadds redadast in lse nopapieonwvibio wrdén anp wperathen
conponen a t een taken. | consi.d [ hus,, .pr.ob] ens ve
arise t hgﬁoﬁﬁérqg '?H?b%‘ SPe%{%é'QJﬁﬁQ&&”ﬂﬂ?@a@giﬁan?ﬂ}'ﬁz{@ %gpg §tion
|l oss at theuntinmge tpheconmponent nmounting is caused because arch notion

operation cannot_ be perfornmed. [0429] Another problemis that since
i nt er f er EAtE8dakbited B inccAiagmModespeitingontiesfergneacausat by arch
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mount i ngd b dgsarébethabesrmoihekaresadceoatt she hid me otfpaih dhves roountimg boar d

'n accordange o ik [P M9uRteF mounts the components has not

been taken into consideration. Thus, problems have arise that the

15 interference degrades the quality and that an operation loss at the

time of component mounting is caused because arch motion
operation cannot be performed.

[0429] Another problem is that since interference caused by arch

motion operation is not taken into consideration, mounting with arch

20 motion operation cannot be performed so that fine pitch mounting
* cannot be achieved.
[0430] Accordingly, an object of the sixth component mounting
order determining unit 308f is to provide a component mounting
order determination method in which an operation loss seldom
25 occurs at the time of component mounting.
[0431] Another object is to provide a component mounting order
determination method suitable for fine pitch and high density
mounting in which interference between components caused by the
arch motion operation or the like of the mounting head is taken into
30 consideration.
[0432] The component mounter controlled by the sixth component

“mounting order determining unit 308f is the component mounter
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5 The conponent nounter 6100 includes: a conponent housing unit 6115 that
hol ds t he conponents; a nounting head 6110 that picks up the conponents
fromthe conponent housing unit 6115, then noves to the nounting point of
the board with performng arch nption operation or the like, and then
mounts the conponents; and io an XY robot 6113 that is a stage for
XY-driving the nDuntlng head 6110 (nmoving it in a plane parallel to the
ground surface [0434] Here, the nmounting head 6110 is, for exanple, a
modul ar ﬂﬂﬁg Head,- and is provided with ten plckup nozzl es that

mount -t é@%??d?ﬂﬁﬂ%ﬁ“@@ﬁ’%ﬂ%ﬁﬁ% ShBEERL " 00" Rl Sere SBFER S FBRE" Tre
pi ckup ndetéeminas berm;tmatihgdorciearﬁd)rr Biﬂevaﬁknﬁdm@mtéﬁearf@mbm&shmé 6110.

Further, in the unting he 6110, prior to the pickup of the conponents,
The bi ckGBMHIIBEBES QO ikt GRATLH) PPeBE0anERqHIN RN ISt PRINRhEEdRs: & he

si ze, th?h\éetgmpoﬁ@n@'}ﬂotd]ﬁér' ¢ otf .ﬁ@mcgﬁfg%neawéﬁ?ﬁf HWHEFﬁ rg|94351

FIG 98 is a diagram show ng an internal cture
mount er 61d® tha(zvrhcoidsFﬂGa c:hm]bmt'seriusguaamimwsngaheadt@atmomathncks

t Tt 6115 dat .t
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i nside of the conponent housing unit 6115; and a tran portation unit 6121
t hat tralﬁbcﬁwnsoiaebaiaﬁn onthe. lilke, and ther mbu*rdmsrﬁhmgomﬁpbnerrtsmmnt s,

Seadtnt 130 9SG Rk BeE s B b RO OR B e ARG AR G end ne

corrponermma Ardviey Rliba iéﬂﬁe%@fﬁ]'ﬁ@! tOXhegrbawer s0efah.rai si ng
operation ofet he ?Zgn pi ckup nozzl es. Then, th g nmounti ng head 6110 i s noved

-135 by k0@34Y Herst tdmmebnttmg dteadi bh 1fhis efenexanies @mpswanced.
on the bodg LORBE eat odBS BroRTIEETBRM BED, Blokiid s S2HES Mat i &
series ofaoes abised and kpeaeted. uMhilisathe mounting head 6110 can pick
15 up and mount ten components at maximum onto the board. Further,
for example, the pickup nozzles can be attached to and removed
_from the mounting head 6110. Further, in the mounting head 6110,
prior to the pickup of the components, the pickup nozzles can
automatically be changed in correspondence to the size, the weight
20 and the like of the components to be mounted.
[0435] FIG. 98 is a diagram showing an internal structure of the
component mounter 6100 shown in FIG. 1. This figure shows: a
situation that component cassettes 6115a each accommodating a
component tape (taping components) are arranged in line (the
25 direction of arrangement of the component cassettes are referred to
as the Z-axis, hereinafter) in the inside of the component housing
unit 6115; and a transportation unit 6121 that transports a board
6122. At the time of mounting of the components, the mounting
head 6110 picks up ten components simultaneously or sequentially
30 from each of a plurality of component tapes held in the component
cassettes 6115a, for example, by the lowering and raising operation

of the ten pickup nozzles. Then, the mounting head 6110 is moved
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5 conponents are nmounted onto the board 6122. Here, a conponent group to
be mounted in one iteration (one cycle) of a repeated series (cycles) of
operations conposed of pickup of the conponents, transportation to the
nmounting board, and nounting of the conmponents onto the nounting board
performed by the nounting to head 6110 as shown in FIG 99 is defined as a
task. [0436] As shown in FIG 100, the sixth conponent nounting order
determning unit 308f is a program a CPU and the |like that, based on the

mount i ng Byokhe XdarabebHil 13 ke estiiongahgrede hnardHel 2P isepimsied.i n t he

dat abase | . A ne [ C t i rder. i.n._which
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ternin " OfoBte _ i fieReaind Lbialla
[0aa7]  Prer BONereora o QRoey AN RL TR CbIR ST HIIE, M FRoEbhept

conponengrabipnto bg madertatbireomeanitegativn (808fcyrie)tdfea repaadeansernesnt er
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mount i ngtRISoFtAItiGh! toCOMON#AbEIMth§e HPArY edaﬁ§6%unﬂﬂgdt!9?“(t@g”“t s

the conponents in accordance wth the deter m'ned nmount1ng order 101).
I n the dECEIRPORAENESOBEO rhnayndinigrb¢asd gogrfoamedhbynthe miceirfling: chart

in t rj r h Lguge, . first he 30 unt order determ ning
uni tﬂgZSIi'ggg Eﬁg\cbngg %\h%tfhf'ﬁrfgf(g'r ggr 15 gte '%‘F‘i‘& Eﬁ)ﬁp s for each
conponenf04B6UpAREsieowR I FIGE P00NHHE: SERIPRRRAHSNeRt’ RFPOALINY draelhe.
mounting points so that -136 interference caused by arch noti on operation

or the | ARECHNIDH URiiniP8E inendroprem s a QRsh aint sheokikeddratyi bases6110) .
PR or Bt Mo AFIDFRATY ARG MR HE borfERReAY S4By B8l AR
like held in the database unit 307, determines optimal component
15 mounting order in which arch motion operation of the mounting
head 6110 is taken into consideration, and that store the
determination result as mounting order data 6243 into the database
unit 307. The sixth component mounting order determining unit
308f includes a mount order determining unit 6251, a task order
20 determining unit 6252 and a pickup order determining unit 6253.
[0437] FIG. 101 is a flow chart showing basic operation of the sixth
component mounting order determining unit 308f and the
component mounter 6100. As shown in the flow chart in the
left-hand part of the figure, the sixth component mounting order
256 determining unit 308f determines a mounting order for all
components to be mounted (56100), and then mounts the
components in accordance with the determined mounting order
(56101). In the determination of mounting order (S6100), as
shown in the flow chart in the right-hand part of the figure, first, the
30 mount order determining unit 6251 determines a mounting order for
all components for each component group made up of one or more

components corresponding to the mounting points so that
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5 nmount order determning unit 6251 is maintained (S6111). Finally, the
pi ckup order determning unit 6253 determ nes pickup order for the
conponents within the task for each task determned in the task order
determ ning unit 6252 (S6112 to S6114). As such, nmounting order for al
conponents is determned first so that interference io caused by arch
notion operation or the like is taken into consideration. Then, tasks and
pi ckup order are determned in a state that the nounting order is

nai nt ai nEHErf@ERERNCausedeby @rch ragbinredperatiennounthagliksedef the the

r oo ottt B 161 10 °F, BARER FRer Cobifkran S R & Rl 0%
f1 ow chathashohengaslheitreddteahiennel unpwR5RgdetdeminesFtdskd Gnd

(S6110),,that is, showing a detailed procedure of determ ning nounting
or der fo?a%loréfﬁfpb'ﬂle%t%tg%téf that thetmordéRgeordeiedatemaingdnby nth@ead
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the nmounting state at that 137 time, the nount order determning unit 6251
i dent i f i€9tgl thakshgomaurtingaprderdstmaintaingd, anchtbenethe sesotieis s and
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fine pitch mounting of the components by using arch motion

15 operation of the mounting head 6110.
[0438] FIG. 102 is a flow chart showing the determination of
mounting order in FIG. 101 (S6110), that is, showing a detailed
procedure of determining mounting order for all components so that
interference between the mounting head 6110 and a component and
20 between the components at the time of mounting of the components

s taken into consideration.

[0439] First, the mount order determining unit 6251 generates a
three-dimensional map of all components already mounted on the
board 6122 at that time (S6120). Here, as shown in FIG. 103, the
25 three-dimensionaf map is data that expresses three-dimensional
space indicating the positions and the types of the components
mounted on the board 6122. This map is generated, for example,
by acquiring information from a component mounter in the
upstream or a host computer via the communication I/F unit 6260.
' '30_ [0440] Then, with reference to the three-dimensional map
generated at the above-mentioned step $6120, the component data

6242 and the like, for the board 6122 in the mounting state at that
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5 point data 6241, and then stores themas the first group (56121).
Specifically, starting at a conponent having the | owest height, check 1is
sequentially perforned that other conponents (a. part of a conponent is
al so included) are not present within a space (this space is referred to
as the interference area, hereinafter) through 1o which the conponent and
t he pickup nozzle pass at the tine that the conponent is nounted onto the
board 6122 by arch notion operation. Here, when other conponents are
present HAM@hethentBd i engedgreadeb@rminitg a Ustkt @254 deepdifeas 3l
present) | ' rfior . re t 15
et ude CO EATERES Mot M oL InERR ot SRl EingSPaRs A Bt e
speci f i chéve,a aebyrativat icomlcarinieg-tharensuiabial g Rl ars( mssubedriountaed
conponent e_nount ed o?to the board 6122 in the subsequent processing
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that jnoub@idthiathes 24 tdnd e # & t6PERYHE 85 tﬂﬂ?f{r@te F@l‘gﬁe(géfﬂih map at
co ed into the fir

the tinme_of conponent "nounting are not 1nclu grodp. This
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{ t interferi it th t-yet- ted t
acqui r ed e dtetalivaPetiorined, Waspthss” Comppnesitse et & fr t he
case of ¢ch¢.;idﬁ@m§ 95 CaR ahemééa?vr}asré hét Greseht hatgin téﬂ%tﬁﬁér(&ﬁfsehce

area which is a ree- di nensi ona pace is expressed In a - di'mensi onal

manner ) ,SPagRASt e esbad ot @S thelvd er fe BIB0Rl aresmehevainafteohttd rolg oar d
6122 . ar : , \ C nt 30b, 3Q,and.t he
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I nterference area of the conponent 6130c (a part of 138 the conponent d is
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area is mmocessing is performed that these other components are not
15 included into this first group (included into a later group). More
specifically, a hypothetical three-dimensional map is assumed for a
component to be mounted onto the board 6122 in the subsequent
processing among the not-yet-mounted components. Then,
not-yet-mounted components that would interfere with that
20 component on the three-dimensional map at the time of component
mounting are not included into the first group. This processing is
performed on all not-yet-mounted components, so that components
not interfering with any other not-yet-mounted components are
acquired and adopted as the first group.
25 [0441] For example, as for the case of the interference area shown
in FIG. 104 (here, the interference area which is a
three-dimensional space is expressed in a two-dimensional manner),
when the components 6130a to 6130d to be mounted onto the board
6122 are checked, the component 6130a, the component 6130b,
30 and the component 6130d do not have other components present in
the individual interference areas. However, the component 6130d

is present in the interference area of the component 6130c (a part of -
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5 interference space obtained, for exanple, with assum ng that a conponent
Is lowered to the nounting point on the board from entire directions
(entire directions around the nmounting point) at a predeterm ned angle
(for exanple, fromthe above obliquely at 45 degrees relative to the
board) by arch notion operation. Thus, this io space is a space surrounded
by a surface rising obliquely upward at the above-nenti oned angle fromthe
outline of the conponent nounted onto the board. [0442] As such, when one
group hashgeampenemt ddg, praremunt Thusdélr isipadgedrihat thré to62pantemen

Comonente Wt osPeHIECHE® retiakeh SRR sbatedr 8 lindludetl I8 oRoup,

so as tolatateouneethgrawy), g6 atat dhistREEa®Pditeffs BN B8 6530
performed on all ao r(;%’ent s)(86120 to 3212%%_ That is, like in an ¢
h pling
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conponentempsednbdnis Howensthtted thier erodinvbngi poaht rap tH6 12dard Tirosn
pr ocessi | nQ conponent remains (S6122). The 25

t ed til ] r oups
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PO005, .the H0044-hebAbdricd ahdf Fral 3healitiNfe Cgﬁgﬂf)@?@éﬁrﬁg@g@?oggi ng

to the nmounting points P0002, .., PO031 belong to
| ong as WAMAted anto peefbeatd. in the order of these group nunbers, even

when thepg JRYRLALG fLR! Wﬁeﬁ‘rtgﬁ'enﬂdﬁﬁ' RREGEL R 4 e FAn & :J%iengncr)]&%g 6110,
order determining unit 6251 then perfdrms similar procedure
15 {56120 and S6121) again for the remaining components except for
the components having been determined as the group, so as to
determine the next group. This processing of grouping is
performed on all components (56120 to S6122). That is, like in an
encampment game, the three-dimensional map is updated with
20 assuming that the components determined as the group are
mounted onto the board (S6120), and then a similar encampment
game is performed on the remaining components based on the
updated three-dimensional map (S6121). This processing is
repeated until no component remains (S6122). The groups
256 generated sequentially are designated by group numbers such as No.
1,2, .
[0443] FIG. 105 is a diagram showing these groups determined by
the mount order determining unit 6251. This figure shows that the
components corresponding to the mounting points P0003, ..., P0048
30  belong to Group 1, the components corresponding to the mounting
points P0001, .., P0041 belong to Group 2, the components

corresponding to the mounting points PO005, .., P0044 belong to
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5 it is ensured that interference between a conponents and anot her
conponent or between a conponent and the nounting head 6110 does not

arise. Further, it is recognized that the conmponents belonging to the sane
group have no restriction with each other in the nmounting order. io [0444]
FIG 106 is a flow chart show ng the determ nation (S6111) of tasks and
task order in FIG 101, that is, showing a detailed procedure of

determ ning tasks and task order in a state that the nounting order

det er m nETONP Bhea MBHRE 6P A0 TRNES MOMT A§PamidingeZs the sneaintt g peintas

h [ I 107, I I S et.erm ned he nt. order
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exanpl e, conponent tapes (or onent cassettes are arranged in
_the conpbhernouidiegngrdert 6115 starting with conponents which are

PrectEarg et BHSad 15 TRl SRORSRS Ut CeReuAl SRS A A o o
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108(a). Then, .as shown in FIG 108(b), for each group, n Tonponents (n is
t he nunbRFoeedprexeb determinipgotashks amdttmsk woderi iy ehehatsthat ghen t he

(e;(f‘gﬁlt \iaﬁ{a%ﬁ@ﬁgfddg}tf!e@rﬁ ﬁ;e(rg@glgﬁﬂﬁy ﬁ{)r gﬁ% ol gf'&éj”sdéjtierrerﬁ}r%i%% unit
6251 is maintained. As shown in FIG. 107, for each of all groups
156 determined by the mount order determining unit 6251, the task
order determining unit 6252 divides into tasks the components
belonging to the group and thereby determines tasks (S6131).
Then, for all determined tasks, the task order determining unit 6252
_ determines a mounting order for these tasks (S$6132). This
20 processing is repeated (S6130 to $S6133). FIG. 107 shows that, for
example, the components corresponding to the mounting points
POOS, P009, P019 and P023 belong to the first task TO01 in the first
mounting group, and the component corresponding to the mounting
point PO15 belong to the second task T002 in the first mounting

25  group.
[0445] Here, in a detailed procedure of determination of tasks and
task order (S6131, S6132), for example, component tapes (or
component cassettes 6115a) are arranged in the component
housing unit 6115 starting with components which are greatest in
30 number (the number of components to be mounted), for each of the
component groups ("group 1", "group 2") determined by the mount

order determining unit 6251 as shown in the component histogram
- 140 -




5 task. Then, as shown in FIG 108(c), the n conponents are renoved from
t he conponent histogram so that the conponent histogramis updated. Then,
for the updated conmponent histogram simlarly, n conponents are
determined as the next task as shown in FIG 108(b), so that the conponent
hi stogramis updated. Simlar io processing is repeated until no conponent
remai ns. Here, when the conponents of Z1 have run out, the conponents
arranged _from Z2 in the Z-axis direction are acgkji red. When the conponents

of z2 hie ian 108(ak heT B8RpAe GO W En§d& .1 1023, farerclz-gnaup, n

di [ ' i : o] r O] one by
one i n t RS IBGRRAHG] B, 1< SR HmENE" o b CRUBC B sTeft SrfGRAd d, HRenc
| ef t nost nmounlhmg'ﬂmefﬁlem,hmHstheeebeagfple;%fgt]aegﬁn@gf@pm-{aﬁ%@@ ﬁgdmned.

h, _t,h K | terr ni eterm nes tasks anc
guﬁ??ng 3@£ S%rf{aﬁg'rst grlgscrt;n%'fr‘”&gal‘?ll’ﬂiwg"rr parepdetipined@s 19w iferst 11 ow

chart; sheykrg t e eget ?’sméﬁ’é' N i6SEES) 19@(@},‘3‘%‘!‘}% % depm Hohkfits &te that
i's, showing a detail'ed procedure of determ ni'ng pickup order for the
conponentéMeyedabiomathe detrgponeed bistoyramsksorihat dheecompogeunti t

: ' . h L gk d d 1 Ni It 6253 K |
25 changl QI IsfaPed | ey oker The WhAaherame s ks tama s
used i n_ bl h R rh PO B SRS UG rhATleCRES (HRTABKEYas 48 sofyhYRES and

the nunber of pickup nozzles necessary in the nounting in the next task.
~_Then,. whERGt Hd8&RE gpfihartethe facompeawnt bistagram iissupdagedi neSimilar

- c . 0.[0448] Th im.larly to the task
ot 6 nBrOgEsEARE 180 5 aBedaine RO P ARIP ARERF Py n ¢ €0 iR

pi ckup othlercatepemamisngf @i have2pgndet el bhaaso Pipdidn el gerahgedt ffom

conmponen for each task, - 141 (S6141). That is, for the arrangenent of

t he corrp%%em thepsaxinslirertion arelagghjred.ne VWheruheramn pdnents wifng

the 2 aufs BRearnoRuy el BT IPORRHS, AR b 2o DR e '

direction are acquired. As such, when the components are acquired

15 one by one in the Z-axis direction starting with the component
located in the leftmost on the Z-axis, each task made up of n
components is determined. As such, the task order determining
unit 6252 determines tasks and mounting order for the tasks for
each group.

20 [0446] FIG. 109 is a flow chart showing the determination (S6113)
of pickup order in FIG. 101, that is, showing a detailed procedure of
determining pickup order for the components for each task
determined by the task order determining unit 6252.

[0447] First, the pickup order determining unit 6253 checks nozzle

25 - change (56140). That is, the types and the number of pickup
nozzles used in the mounting in the preceding task are compared

with the types and the number of pickup nozzles necessary in the
mounting in the next task. Then, when they are different from each
other, it is determined that nozzle change need be performed.

30 [0448] Then, similarly to the task determination procedure in the
task order determining unit 6252, the pickup order determining unit

6253 determines pickup order for the components for each task
- 141 -




5 108(b). At that time, conponents that can be picked up sinultaneously
are picked up sinmultaneously. Thus, for exanple, in the case of a task
made up of n conponents successively arranged in line, it is judged that n
conmponents shoul d be picked up in one iteration of the pickup operation
(si mul taneous pickup). 10 [0449] Then, as shown in FIG 108(c), the pickup
order determining unit 6253 renoves the task for which the pickup order
has been _determ ned, and thereby updates the component histogram Then,

pi ckup ok8BA4Y).detl&ati Hod FobrthécammngemantowfatBentcpanppnesddtapes That

squent | SMPIVL B.06EG1 "0 815, SHE BERPp PHEHSS SRABIThE vl 233 o
il opore IS Moo pEnerte AT ad e £ o the Bk e

1 . N QSssIi e. sucn, 1
fr:aumntiﬁg 35§§ 'Cﬁééjg‘%'ﬁf‘n HQ?‘tWﬁrtd)ﬁﬁ@LHQt benp ke dim@sghowearin £36ks and

task mord d 2@+pi p r sk -an e tQ; h esul t
as tﬁg n%gﬁgﬁﬂg orggrtggﬁa ﬁéﬁg’i%ggjﬁﬁgggﬁgrgggﬂuﬁ?%HGQ%%.?gﬁggp ﬁ%%tz in
r esponsestmoudtanesushcarenpiciond tine sipeutaoreoudiy. mothngis pdoeomeanipleyni t

6210 i f th ts i ith th ntin
o der " dalhTRS8% Bf adask TRTSRE Bhe cAmbeaants S9ccesstyehcasiiged ®
accordi nfh Jipd, Nt 1@‘j’l;ﬂ‘ﬁg%edeﬁﬁﬁtj'mmg@\‘éﬁﬂsnghowlé%%f&%@d TRYpELS 18

determned first so interferenc caused by arch notion operation or

~the. |ikeitesatigienfitheopickupiepeation. (simuttanenys treksapadnd pi ckup order

~are. det efq | a_st h tyng order is | nt,ai ned,. and then
the 9. chmagd ten? e Mfwbi LGS TRBIRL e Bickup T HELBFaUPIG Th <
perm ts @nre 653 rammovesnghel tadle AR ShBY WY GFdar HBY ikden
operation of the nounting head 6110. -142 [0452] The processing of the

si xth conpEAERiN@dudncthinerely updatesithereommanaushistagisen deken; bed
nor 1 m DB SRR S e BIRE G, AR bl MR br BRI '
enbodi nehbat is, it is determined that the components should be picked up
15 sequentially rightward starting at Z1 on the Z-axis (or the leftmost
of the component tapes in which the components remain) with
performing simultaneous pickup if possible.
[0450] As such, for all components, the mounting order determining
unit 6250 determines mounting order, tasks and task order, and
20 pickup order for each task, and then stores the result as the
mounting order data 6243 into the storage unit 6240. After that, in

response to an instruction from the operator, the mounting control

unit 6210 starts mounting of the components in accordance with the
mounting order data 6243 stored in the storage unit 6240.

26 [0451] As such, according to the present embodiment, mounting
order for all components is determined first so that interference
caused by arch motion operation or the like is taken into

- consideration. After that, tasks and pickup order are determined in

a state that the mounting order is maintained, and then the

30 components are mounted based on the obtained mounting order.
This permits fine pitch mounting of the components by using arch

motion operation of the mounting head 6110.
-142-




5 that can be made by a person skilled in the art wi thout departing from
the spirit of the present invention are included wthin the scope of the
present invention. [0453] For exanple, in the present enbodi nent, as shown
in FIG 107, the task order determning unit 6252 has determ ned the tasks
o and the task order within each group determ ned by the nount order
determ ning unit 6251. However, in place of this, as shown in FIG 110,

all conponents arranged in the order of groups determ ned by the nount
order det@#ardi AdreurnProeessingayhdhe \ﬁlugla sequpaneat ynountngr ooger each

made u : ' | I . ' nozzl es
provi dgdagiﬁé'lirﬁzﬁmﬁﬁﬁa@e@ﬂa%?fge%a.?ﬁtecﬁl5%3%}2}%%@&{&%&@§§RH§Q 0 each

gener at eengyodimeay. beHoadnmrpdhas paesank.insenthsm isheos tignecetofthide

t asks ma tlg%gdoEtEd gs task nmounting order. As a result, task order is
det er m n%'a’I IMPRAL. { n¥aflQls GeoHPAltY KedidniRrasgnsembadjmenbne
havi t | r ' r.f ar h

ot | 0o | Iaea b RRAAETOY P WERSSn Kilipd I AR BTERRHAICBRANHIS (e
conponenfrorbdhengpinit obthamresamt :eotips & geclerddddvithiethensoode ng is
perforrreﬁ%zﬁguent | al Ii/ staE.ti ng at the conponents having the small est

- group n , F?'fﬁ%ql?te.%\ﬁ%@ 'O -avoi ded. 25 [0454] Further, in the present

enbodi MIU4533 FAOWRampls Gin 19& %%esehgeeﬁfb%ﬁi?ﬁéﬁ'f:, ¢t gh@m& Ng PGt 6252

and the ickug order determning unit 6253 have arranged the conponent
g2

tapes onl@Rethz- gk ordedski@ranmyngr doit 6252hbasuhdesrinined hhentaslss

However ,_ jn.pl i s, in FIG 111, t t t b
50" 207 ard R e ShabP yiep T SN Beplnedetertln et Ky SRERGU R afle "oy o
| ocat ed @éi@aeniniag beiceMEr, (HMGQ@PPWFHIaEé%p%@Pééi%%'\'di\rl]nhﬁvﬂ@. bel |

shape). Then, conmponents may be acquired starting at - the conponents
havi ng tht0gadheaBIPonapEs Brangaad hntfe osdpomingcoypsdetaymined dnt o t he

oot W AR AGIE w2 1 SR AP, RTINS
t ask into groups each made up of n components which is equal to the
15 number of pickup nozzles provided in the mounting head 6110.
Then, the components belonging to each generated group may be
adopted as a task, so that the sequence of the tasks may be adopted
as task mounting order. As a result, task order is determined so
that the tasks are arranged sequentially starting at one having the
20 smallest group number. Thus, interference caused by arch motion

operation is avoided. Here, in the case where a task made up of the
components belonging to two or more groups is generated, when
mounting is performed sequentially starting at the components
having the smallest group number, interference is avoided.

- 25 [0454] Further, in the present embodiment, as shown in FIG. 108(a),
the task order determining unit 6252 and the pickup order
determining unit 6253 have arranged the component tapes on the
Z-axis in descending order of the number of components. However,
in place of this, as shown in FIG. 111, the component tape may be

30 arranged on the Z-axis so that components having a greater number
-are located closer to the center (the component histogram should

have a bell shape). Then, components may be acquired starting at
-143 - _




5 order have been determ ned, pickup order for the conponents has been
determ ned for each task. However, the present inventionis not limted to
this sequence of procedure. That is, pickup order may be determned with
priority. Then, as a result of this, tasks and task order may be

determ ned. Alternatively, the io determ nation of tasks and task order and
the determ nation of pickup order nay be m xed and i ntegrated. For
exanpl e, as described above, in the case where the nethod is adopted that
corrponenttgear EOPIRRBENED shavingg e t ireasesénenusnbavi mf t hemajindagest

nunmber of-Ak Rl n b rd, n.the
nount i ngfcr?e”iga'ﬂzééﬁg E%n?gem&%%%%n E&?#He:g%‘g%‘gnég%\'ﬂm}ﬂihagﬁﬁaﬁq\ﬂgﬁa&

pi ckup otdeks, tasksorder ordpdciaspaordeswhsy dbe tdeisarmhvsd. t ask

determn bi algd i cku rg_ger determ nation are_m xed and i ntegrat ed.
[0456] FLPARGT PuRhel 1B he Rressps A HBRAIM AN Ehald d1etAGKEGMG{Ask0 t ask
orderg an b Ky er HN 1 -1y t Z-axi s
has bSeen@[')-grbf?or mag tfyegéﬂeggﬁé@@m%ﬁérﬁkglrjgug%g}étfg?nﬁﬂé;g EyB%)ﬁeé}&nguﬁ Sor der
det er m nbegrudietesainedHborwech taskpl ddewsvamithe phresantangemtidonds t he

Z-axi s b o] for _each conponent obtained by graqupi ng based on
theXIhei gﬁ%’tvgvﬁgééo#%@hﬁeﬂb'ﬁﬂ&?e sP?erdELEnpl ,a"s%;&?tﬁ'ﬁ U&’?Oﬂ)’a@rhavi ng
the | ovesiay hee dhédermisdi wille GHISALY NE THUMORNE BESUR gz%ggﬁgégk@ ned

by the nmount order determ ning unit 6251 Is ‘expected to result,
close to2hHe desfonéideyr oupayr dére gethetertingédsed oAltdrmatévelyt, theues of

oract® GaREPHPINAN QY &aSKs, AT sk e T RE iR (dicLrralaER Bhe.
Lhi s, mOUGHIAONEhES al@pikRd GRMBRAATHY JBMHY LThPORIRY hhViHE"Re mNner
greatest number of remaining components to be mounted onto the
15 board, when the mounting head picks up the components in
accordance with a particular pickup order, tasks are formed as a
result of this. Thus, task determination and pickup order
determination are mixed and integrated.
[0456] Further, in the present embodiment, in the determination of
20 task order and pickup order, as shown in FIG. 108(a), arrangement
on the Z-axis has been performed for each component group
determined by the mount order determining unit 6251. However, in
place of this, the arrangement on the Z-axis may be performed for
each component obtained by grouping based on the height values of
25 the components (for example, starting at one having the lowest
height). This is because the component group order determined by
the mount order determining unit 6251 is expected to be, as a result,
close to the component group order generated based on the height
values of the components.
30 [0457] Further, in the present embodiment, the mount order
determining unit 6251 has determined the mounting order for the

components in such a manner that interference between a
-144 - '




5 in the nounting order for the conponents associated with

t hr ee-di nensi onal nounting (nmounting by stacking of conponents) as shown
in FIG 112 is taken into consideration. In such three-dinensional

nmounti ng, the upper conmponent 6131b cannot be nounted until the | ower
conponent 6131a (or the board) has been io nounted. Thus, a restriction in
nmounting order is present between these conponents, which can be treated
simlarly to a restriction in nounting order caused by interference

bet ween EERPBABRNS @Rdt ABOLREESEHT ORI BByt betouss) a-gompeneint aind

pr esent oI SRt ' . o] : k [0 Ni It 6250 has
determ ngggrrrgiunti r{Sgﬁﬁi:aﬁd :ﬁr(}?lé;ﬁgn{éc%dhgﬂt ég%@ee'lr?gﬁ | ngg%\g’%tvle& "Uni t
6210 haspsacet ed thés wounhi reddftidme toorgasenhsouhioiy eordéhe for esigat
invention is not ' t hi s_segu_ence of procedure. That is, in

[ i t t
paral | el cpm@ggengg%n@'yggp aﬁh%'fmh’g? tBuRt CRg? sNaenearothahe restichiag 20
componenis AL Didlghery Netdenaficatny UdinbtHedis™hssharedk aMLA:
t ents of a g

after the conpletion o unting of the conpo roup having the
hi ghest phreeidipneaserndhetdobptirte (menhtiorgley stetldng of agropbhedds), the

nount order determ.ni ni 251 determ nes a,group of conponents to
beum)unt gg ﬁgﬁwawdﬂg t '2@1 ' :Eaifrbo %eﬁ?gslﬂ%@t'gﬁan tIﬁb.rrpSUCh
al r eady - fipeEd 84 nGABREREL Froul iRy, ﬂ@ugwwép?%f B T 2 group

- may be nounted. Then, this cyclé nmay be repeat re specitically, a
_hypot het M@untedwetibithenkiwaalcormponents Slded {or the bo@nddnhas déen

ot et - AR B S oI f KR TRl i eic BpEReRiE RtatCSRul o
i nter f er ghad¢ kdrhporamoneficiordmee tivRedsimMEab Faestfictivn jhme of
conponent nounting are not -145 included into the group to be nounted

next. ThiMOWREPEs8rdgricausrd iy mtederanicenbetweemsompaneoipdnetite, so

t hat CO”EP@?@HPerHBtgdi @Irnt_ ering with any ot her not-yet-nounted conponents
are acquired and adopted as the group of conponents to be nounted

[0458] Further, in the present embodiment, after the mounting

15 order determining unit 6250 has determined mounting order for all
components, the mounting control unit 6210 has started the
mounting of the components. However, the present invention is

not limited to this sequence of procedure. That s, in parallel to the
component mounting, mounting order for the remaining

20 components may be determined dynamically (in real time). For
example, after the completion of mounting of the components of a
group having the highest priority determined by the mount order
determining unit 6251, the mount order determining unit 6251 may
determines a group of components to be mounted next among the

25 remaining components other than the already-mounted components.
Then, the components of the determined group may be mounted.
Then, this cycle may be repeated. More specifically, a hypothetical
three-dimensional map is assumed for a component to be mounted

onto the board 6122 in the subsequent processing among the

-~ 30 not-yet-mounted components, Then, not-yet-mounted
components that would interfere with that component on the

three-dimensional map at the time of component mounting are not
- 145~




5 next. [0459] Further, in place of the configuration that the conponent
nmounti ng order determ nation processing is swtched and executed as in the
operating tine reducing apparatus 300 in FIG 2, the conponent nounter
6100 may performthe conponent nounting 10 order determ nation processing.
[0460] FIG 113 is a block diagram showi ng a functional configuration of
this conmponent nounter 6100. The conponent nounter 6100 includes, in terns
of functjon, a mechani smunit 6200, a nounting control unit 6210, an input
unit 6220ClHdeslipte thetgneup2tm, be maunird unext.624Mis aPhRCRSSING d6der

det — . : . E unit 6 4
mechani shecranegos i Re B TR RE R ROREES: Sonetek coBiRoReRst .
conponennot aFsrferidiyl Saitha amansiieet atopiyetumouhted, centhborehasi gaé

constituent ele nd notor drivers for driving

nts includin tors 20
these. [B489" @ﬁcﬁ'ﬂ?ﬂgeqrtﬁ%%gﬂﬁg%%@r FUTEYHRERES dPnPReBYNERE
mountyg ngnakgder determ ning unit 6250, the nmounting control unit 6210
controls the mechanismunit 6200 so as to control the nounting of
conponent@4593 Foudsgr, The plaget ofinthe 6@20figsiraticay dbwrtdthbatoagmoneas an
Instruction fromthe gperator. The output unit. 6230, i n L t hat
present sSTATYNS Qrﬁﬁg Eftqrﬁ‘f‘U}‘#é?Poﬂr‘f’)%e?%'é‘%b%Féi‘f'&?.ﬁegoal%gﬁa’ﬁ%ug@%rage
unit 6248si ; aparehdisknodtim cihBeak n lids _ ugptt & NQ
poi nt data 6241, t(ﬂje corrggnent ﬁgg%‘gﬁgﬂg abggq?ﬁggnggrq}t)ilﬁg%%e??dg?% 6243
and the ¢toREOPENEHBGURYEFEA0Q 1may e nfoum ithe g@mpodent 6aalniting

COgE e et TRl bt gl YRR, os, (he comonent nare and the mount g
shown i (M ED]11EIG. t ha Fonponenthldeka @RAFrdrm CORBASAY Oh | AfwEtBhiapn t hat
I ndi cates {he "conponent nanme", the "conponent external appearance"
(shape) ,COMdIUEafThedt thHig ecompanentor@uriesi 0+ ecldi@i €component
mounter 6100 includes, in terms of function, a mechanism unit 6200,
a mounting control unit 6210, an input unit 6220, an output unit

15 6230, a storage unit 6240, a mounting order determining unit 6250,
and a communication I/F unit 6260.

[0461] The mechanism unit 6200 includes a mounting head 6110,
an XY robot 6113, a component cassette 6115a, a transportation
unit 6121, and mechanical constituent elements including motors

20 and motor drivers for driving these.

[0462] Based on the mounting order data 6243 determined by the
mounting order determining unit 6250, the mounting control unit
6210 controls the mechanism unit 6200 so as to control the
mounting of components.

25 [0463] The input unit 6220 is a keyboard that acquires an
instruction from the operator. The output unit 6230 is an LCD that
presents various kinds of information to the operator.

[0464] The storage unit 6240 is a hard disk, a memory or the like,
and holds the mounting point data 6241, the component data 6242,

30 the mounting order data 6243 and the like. As shown in FIG. 114,

the mounting point data 6241 is composed of information that

indicates the component name and the mounting position (X, Y, ©)
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5 nmet hod" (inmage recognition nmethod with the canera perforned after the

pi ckup by the nounting head), the "pickup nozzle" (type of a pickup nozzle
to be used), the "tact" (mounting time per conponent), the "speed XY"
(transfer speed at the tine of nmounting) and the like. As shown in FIG
116, the nounting order io data 6243 is conposed of information that

I ndi cates the nmounting order for all conponents finally determ ned by the
nounting order determning unit 6250 (information that indicates the

"task" afff BHeMOWIURGOPEIE Of the bacdetbemiidhg Asisowmnin kdGexhirbl e in
"he: o Hi2he ddhBordhtiia o b ohRifced MR AR iSRRI FgriLe pace

where 15 nounti I'S perrorne e’or

"pi ckup drelef'tommplbnenés n@imlelp ohder"dormeoaiardn extdierali mppekvahceh each
task. [0465] The rmur,\tigag? order detgrmning unit 6250 is a program a CPU
and t he {S@PEhatNeHaSORTBRNERE BRI HREpotwe-dimgnsianal tiRcoei tidimonent
dat a 5624, b AN ik h AT T 0 rm i mal
corrpgneflléh m)unc% [ gglgmoér%%rle%(go%lltl ﬁar Cﬁfﬁ?i %tﬁ otggéla%?'gﬁér%f rq%}garﬁoﬁt% i ng
head 6118ftes thekprckup dyebtheirdouatting, heady, that'picup ndezlédt @ypenafi on

| t f] data 6243 .jntQ the st it 6240. Th
R LI - BB Ul cC AN
uni t GZ%md@éhié}%rgtﬂe[gﬁ%g]éw XYY YRFanEFr2 8pHed PACKHRONfi®e of

determ ni ng unit 53. ) The nmount order determining unit 6251 is a
_processiMOUWHINg)tdad ther BKei neAs tsho wouim FAG. ot ey tbetmauntingaoddeased on

). Lestrictl ! ' bef saf | at.i ' he 30
rourfs ng at £ 305, HhdReR S LMomBeR A tnshifetes 3be Paalotiia ng
uni t 625drdiat éomalksoimporewsi fiaadiydeetbemined byotmenpiunting pear

corrponeme?group made up of one or nore -147 corrponents COI‘I‘espOI‘ldI ng to

the mou trf‘g’fpa?im%unhtpéaéo (ai":fﬁﬁﬁéatmﬂh@'!&_lﬁ mediceéeeribe tamddanyd teh
consi der L onP EET o SPER ogliipa RO I PRESRIAIG P EECLIRY i

t hat detldeng nBsFiGsKISL6, the "task" indicates a task name in the case where

15 mounting is performed in the order of T001, T002, ..., while the
"pickup order” indicates pickup order (iteration number in pickup) in
each task.

[0465] The mounting order determining unit 6250 is a program, a
CPU and the like that, based on the mounting point data 6241, the

20 component data 6242 and the like held in the storage unit 6240,
determines optimal component mounting order in which arch motion
operation of the mounting head 6110 is taken into consideration,
and that store the determination result as mounting order data 6243
into the storage unit 6240. The mounting order determining unit

25 6250 includes a mount order determining unit 6251, a task order
determining unit 6252 and a pickup order determining unit 6253.
[0466] The mount order determining unit 6251 is a processing unit
that determines the mounting order onto the board based on a
restriction condition concerning the before-after relation in the

30 mounting order for the components. That is, the mount order
determining unit 6251 determines the mounting order for all

components for each component group made up of one or more
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5 and mounting order for the tasks (task order) in a state that the
nmounti ng order determ ned by the nount order determning unit 6251 is
mai nt ai ned. The pickup order determning unit 6253 is a processing unit
that determ nes pickup order for the conponents wthin the task for each
task determned in the task order 10 determining unit 6252. [0467] The
communi cation I/F unit 6260 is an interface card or the |I|ike that
comuni cates with other apparatuses, and is used, for exanple, when the
nmount i ngCROIPeNgats caigespe nebngote ihedatcarding plowmtsdadedchraomahaehnost

coint GarhAEiAfetRRERRR U A0SEH N ST hfeB s SRBEStRE oY ok, ke STt 40]
[0468] Fhipudtihg head | & OhE ttaklkgiviAbo bagh§ideRetadn ON THe daskogPaaent

nount er 8100 at the tinme of dynam cally determ ning nounting order. As |
shown i ndBtEMingNd BRIt AL dF nBnBIRERSSIPY cHbrthall geterovingsd taakshe

' t} f of _t 6

(So155) , ORI RO BRI DrdBIafar G caBKPN R KIRES o g Mafedanbee
processi mpwntinge oridergdetenuiined thy tthe rhoeatdordesi derdrraamgrg (123, and
t her eby %%r}gr_at es.a three-dipensional map as, shown in FIG 103 (S6151). 25
Then, wi PRolei®BRIBIIINGthe T RERICK HBNRTGRRIdGEEs NyidviBOatiadt £235dS a

bove- ' i d t h ' th
boar d 6102 Foopnd WMl et R LB B iR e Sl Enepts s ni'ng
unit 625witident the etaskl foonmmadnt saskatdelermoined nier fthiee vaglh otrder

; d.d T . tricti 30 i th ti d
(it REERBN e PR ER9- order) - from the componants registered | n the
mount i ngf GeE 7Y T & diRttuniéohNEE g.mf %.Szé@?&*af}g ifEerfhideSEa Bl Yt S6121)

Here, the -148 processing of step S6121 is simlar to the processing shown
in the likevEhakmammednépmss veith. other, apiparadtupesgrndoimtused 6160

RS, BHAnPR, AL R UL GEBRRRE B ShytH Lt fBne BhePERe”
downloaded from the host computer in the upstream and then
15 stored respectively as the mounting point data 6241 and the
component data 6242 into the storage unit 6240.

- [0468] FIG. 117 is a flow chart showing basic operation of a
component mounter 6100 at the time of dynamically determining
mounting order. As shown in FIG. 118, the three-dimensional

20 camera 6123 provided in the component mounter 6100 images the
| mounting surface of the board 6122 (S6150). Then, the mount
order determining unit 6251 performs image processing on the

image acquired by the three-dimensional camera 6123, and thereby
generates a three-dimensional map as shown in FIG. 103 (56151).
25 Then, with reference to the three-dimensional map generated at the
above-mentioned step S6151, the component data 6242 and the like,
for the board 6122 in the mounting state at that time, the mount
order determining unit 6251 identifies all components that do not
interfere with other components and do not have a restriction
30 concerning the mounting order (may be mounted in arbitrary order),
from the components registered in the mounting point data 6241,

and then stores them as the first group (S6121). Here, the
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5 onto the board 6122 (Y in S6153), the processing is conpleted. Wen a
not - yet - nount ed conponent remains (N in S6153), the processing subsequent
to step S6150 is perforned repeatedly. [0469] Further, in the case where
nmounting order for the conponents is determ ned dynam cally as descri bed
above, the io processing of dynam cal determ nation may be, for exanple,
any one of: determ nation of groups by the nount order determning unit
6251; determ nation of tasks and task order for each group by the task
order dePEPREEFHIY Wi $taa25361d4dt s Aimdlidiroto dheppekopssirgeishdwn irhehe

conmponen .4 hi . ol p r d rmoning. 15.unit 6253. For
exgprrpl e, 5?8}”5 @ﬁgﬁcﬁﬂé%f BQ{:BQ#WbyG{rﬂgnm C8P&88n§&terrﬂph'irﬁ8runi t
6251 may6ddlGkigobets wmtettbe boaadven thando idsonéhes dacRideaai eRe

pr ocessi ubsequent, tq the determ nation of tasks may be perforned
dynam caﬂl%'?f%'FOlflﬂe(é@é%@)ni ndVR8RpSeRaMpepants: have "baes, movwntednyl e,

. > . . )
dynan cap a0 e Thard BaaR IV i SELAE  SREPRRGChSr i 28 ERMPRYsd-
such a kénasr at hatt-yat raoumtgpeirera mgforidwet aemainest (apesSet 53 thee is

taken into consi deration, even en %@ht,uatio has varied (for exanple,
run-out BfOtbrpdiRt &g toneteRy tiSnpaRarmged2eepeatrdlyy order can
be determagd]i nFaeg@dange pheh S| | 0 iftdatoddis cRIPopsat
nount i ngm():an ge cont i nﬁegﬁ [%H4é70]ddA% dg\gsrt@fébegnggé\?'eﬁ&t tt?e corrpfoBrlne)n 8
nount i ngCePP@AENES cisr di el rroirsed ediyodimine!ofas hdeprcedsad abuoeet i tine has

onbath meRroteEsing HoHT bl HE & i n L Rt BshotobiRRAT ORe
oper at i 0pnkoss: id@dﬁrinﬁbﬁmohnbfa§ﬁ@§p§ﬂgytﬂ?e RN@TARS ighte e Bé%QHﬁ'ﬁnLr;%gg

sel ecting unit 305b of the operating tine reducing apparatus 300
sel ect edUBihPEGrlantetenmiRatis iofi tagksoangk taglamrekesr foryeasht graop.by

However , tﬁ@?agggrd@ydéﬁé%ﬁnﬁ'}gﬁ’ru(?'ﬂf%rﬁgﬁ OB BEm AR S TH AR Y 8948

storing unit
for the components within a task by the pickup order determining

15 unit 6253. For example, determination of all groups by the mount
order determining unit 6251 may solely be completed in advance,
and then the determination processing subsequent to the
determination of tasks may be performed dynamically for the
remaining components. By virtue of this, for example, in the case

20 where pickup order for the components is determined dynamically

for the to-be-mounted components remaining at that time in such a
manner that the arrangement of the component tapes at the time is
taken into consideration, even when the situation has varied (for
example, run-out of components) during the component mounting,

25 mounting order can be determined in accordance with the situation,
so that the component mounting can be continued. ;
[0470] As described above, the component mounting system
according to an embodiment of the present invention has been
described. However, the present invention is not limited to this

30 embodiment.
[0471] For example, in the above-mentioned embodiment, the

operation loss identifying unit 305a and the processing procedure
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5[0472] FIG 119 is a flow chart of processing executed by an operating
time reduci ng apparatus 300 at the tine that a user selects a programfrom
an optim zation programstoring unit 308. [0473] The arithnetic control
unit 301 outputs to the display unit 302 a screen that allows the operator
to select the type of a target to conponent nmounter (S2). For exanple, a
screen 400 as shown in FIG 120 is outputted to the display unit 302.

Here, component nmounters are classified into: a nodular type (single side
mount i ngFelgRténg deritx30b b rofy thaecopsnatingy thead red ucinial appayatug B0@r nat e

nmountin o)V | | f i_ng. heads: and rotary .15
type. Tﬁéﬁ?eb%‘lf"%ggg%%g’@ﬁf&ﬁéﬁé@&o‘%ﬁ%'ﬁ' ﬁe%@%@r%oﬂ@ﬁfng r'rﬁ'U}'uters
are di spB@ged. Hawéhemenhieheusger anery opel@itesat herddearn UpFdm30ghand
presses _any one.of the buttons 402 to 406 (S4), the arithnetic control
uni t SOQF’gﬁmkﬁﬁ OP PP HTSBEAKINGNHNIBEDE sel ection screen for 20

02 B EPHQT2TTFIENS 1anp HsC ol ol cHiC i PRBRRSTNg CRRATRAL SRSl

(S6) . and are di agrans each showi

di spl ayedpenating dims asedudinBeHhpd il F0G at2dhehtinseatisgt egnuddp in

t he case ere the button. 402 correspondjng to a conponent nounter of
odul ar ESBEESH A0 858 GORR Aot RUFAEThRraSaa e S REE0R15 t o
418 are fi Het i8S 0 Py, A [ i;:cabl e
fo the. oy ropa aRENEEonedItuhfB P TR, 8 (B, P AR EE” 2ng
418 corrd8goadarespethataliows theoperatordo sepdantneitypd of a tangeh

cormgnent o AR pAEGISISAT "FI hRech <ReBERRAR 32 SSbwrstme, o
oo Soar I T OIS € s BRI AVE,| ATt
nount i ngTEHHE e r§ea e @l assidiachintaoebmgdalzg] typ e (siiegle suw raosicrtien) 420 in
the case,vidifad BAtAUSRA? one mounting head; a modular type (alternate
mounting) provided with a plurality of mounting heads; and a rotary
15 type. Then, buttons 402 to 406 corresponding to these component
mounters are displayed.
[0474] When the operator opérates the input unit 303 and presses
any one of the buttons 402 to 406 (S4), the arithmetic control unit
301 outputs to the display unit 302 a selection screen for
20 optimization methods applicable to the corresponding component
mounter (S6). FIGS. 121 and 122 are diagrams each showing an
example of a screen displayed on the display unit 302.
[0475] FIG. 121 shows a screen 410 in the case where the button
402 corresponding to a component mounter of modular type (single
25 side mounting) is pressed, where buttons 412 to 418 are displayed
‘that correspond to four optimization methods applicable to the
modular type (singie side mounting). The buttons 412, 414, 416
and 418 correspond respectively to a program for implementing the
| fourth component mounting order determining unit 308d, a program
30 for implementing the fifth component mounting order determining
unit 308e, a program for implementing the sixth component

mounting order determining unit 308f, and a program for
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404 corresponding to a conponent nmounter of nodular type 5 (alternate
nmounting) is pressed, where buttons 422, 416 and 418 are di spl ayed that
correspond to three optim zation nmethods applicable to the nodul ar type
(alternate nmounting). The buttons 422, 416 and 418 correspond to prograns
for inplenenting the third conponent nmounting order determ ning unit 308c,
the sixth io conponent nounting order determning unit 308f, and the second
conmponent unting order deternmining unit 308b, respectively. [0477] Wen
t he oper H’Fg’ﬁeﬂ'&'ﬂﬁﬂ& theeSeRpOC GANMPEOE NI QU BERYEE ordler dedeominieg
buttons 4L7 Begh8 and 422 displayed on the screen 410 or the screen 420,
the processing procedure selecting unit 305b 15 reads fromthe optim zation
progr am E@47i6gFLGi t1 BR&H dwe spa ogirrasen [4Ar0 iiAptieeerddan oy dee GARPPREEG N

nmount i ng,arder determnjn nit corresponding to the pressed button, and
then | oad ‘ﬁtC?UetsrP@n%%rgouﬁi tc@@@q&wt vherntee afi Maduiar cbypeol

ULt o0t (aRepRgtesidimhey ATbRagded  \ankhe BEIRSNS us, Wk A £1E O

the 20 conponent nounting et érmning unirts optinrz onent
nount i ngate deispsnmd [thatsicdruespranhl by Wheeet hepidpeization phessesdshe

o ocadur 2Pl aBlE T EhRT masB T fite (Rt SRR PN CING] </ RS RFEIN e
fourth copponent awnt4Ng e6AIsEEAG! 1B gﬁ{tﬁﬁé}hfs ?Q?qmpfﬁﬁ‘fﬁt@)the}hen

optim zation programstoring unit 308 t menory uni

_when  t hethifdt g@@IR@NEBAtMIUNLING Bodeexdetermminiteg \pmidgBARC, tite fsixth h

commenerko fRitihe a8 Fot g, SERR ikt tnind B ERAEh R U SUBORET
omponen Tt B g R 00 a2 his bt  on
406 corrn@‘bn%ﬁgiW@.@crb thecorpoator opsates tie ippatyunitpd0Bsandr psessesn t he
screen 490y r the ifarrdi 432568 R Ha 98 2 Hib Py 4D RhET AL LN
410 or the screen 420, the processing procedure selecting unit 305b
15 reads from the optimization program storing unit 308 the program
for implementing the component mounting order determining unit
corresponding to the pressed button, and then loads it to the
memory unit 304 (S8). When the arithmetic control unit 301
executes the program loaded to the memory unit 304, any one of the
20 component mounting order determining units optimizes the
component mounting order (510).
[0478] For example, when the operator presses the button 412
displayed on the screen 410 shown in FIG. 121, the processing
procedure selecting unit 305b loads the program for implementing
25  the fourth component mounting order determining unit 308d, from
the optimization program storing unit 308 to the memory unit 304
(58). Then, when the arithmetic control unit 301 executes the
program, the fourth component mounting order determining unit
| 308d optimizes the component mounting order (510).
30 [0479] Here, a program applicable to a component mounter of
rotary type is solely the program for implementing the first

component mounting order determining unit 308a. Thus, when the
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__about anOi%eE, dgtekdinpngcumporidBa apdimibzes stheccempmment smauntiagboar d

di spl ayed. Then, the processing procedure selecting unit 305b 5 | oads the
program for inplenmenting the first conponent nmounting order determ ning
unit 308a, fromthe optim zation programstoring unit 308 to the nmenory
unit 304. Then, the arithnetic control unit 301 executes the program
Then, the first conmponent nounting order determning unit 308a optim zes
the conponent nounting 10 order. Industrial Applicability [0480] The

present inventi is applicable to a determnation nethod for conponent
mount i ng QH@@P ﬁﬁGace r‘%‘%ﬁ%@'nﬁ)ﬁﬁt%ﬁ%ﬂﬁpneﬂi mewpaken efiratary dype is

det : . . : (
Gt oat] o ReRseRE bR Seregrpe0g ndhiin FIGE £90 kel ibESelfeling, .
m xed mafher .opBmicatid®d nidafhodh apersitdwg tinnFIGRdud hgopretRod ikomat

t,.nount er,. hod i si ng: tion | i dent i fyi
ctep of sRAYSHng Thegpetas: pROCESFIG “prosedPEsorelRFinG: HaEOABSReNt
mount gr ; Iéaﬂéoﬁ@éﬁjﬁlﬂ%r%rrﬁcﬁﬂ“frﬂpﬁéh?éﬁtiﬂg;r%ﬁ@pﬂPét ?@'{ﬁlﬁéﬁ%" RRAGStiAY the

identified operation’oss, a processing ocedure uci ng an
oper at i n@rdiered @kermén isugmpievie 30 Gaufroam; then o pdi v patiosi poograwestorng

onerat i ny i b8 kot i eBt St 30 e THrDy it thIRE RSNty Sale
processi 3@ Prevceciutes lee Priotgash eD.THERN e fﬂ@@ré‘étrﬁfbh@ﬁﬁ ﬁﬁ}lﬁ‘i—‘ﬂp% a

conponent nounter provided with a 15 rotary head wAi whi |l e rotat

is_iﬂgntbyhgg in said operation |oss identifying step, a processing
procedure I's " selected, the selected processing procedure is a conponent
mounting 20 order determ nation nethod for a conponent nounter that nounts

Industrial Applicability

[0480] The present invention is applicable to a determination

method for component mounting order in a component mounter and,
15 in particular, to a determination method for component mounting

order and the like in a situation that plural types of component

mounters are incorporated in a mixed manner.
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a plurality of conponents onto a board, a board mark provided on a board
for board positioning or a point included in conponent nobunting points
where a conmponent is nounted first is defined as.a start point, 25 for an
arbitrary two points anong a plurality of component nounting points and
the start point, a distance between the two points or a tine duration
necessary from conpl etion of nmounting of a conponent on one of the two
points until conpletion of nounti ngc%lmgonponent on the other of the two
points is defined as a cost for 30 the two points, a point set up

hypot het ildall | y Ai3 opgragingnsiveeerad poing methaeidfonedcas pomientynpainter, and

-153 the olpgely i rder determ nation nethod includes: a
conponenttﬁmun?ﬁﬁ%dwrﬁp rmati on acquiring step of acquiring position

i nformation coreeoparatidie 0ksnakintifydhg St BFFAAR/ML] Hgtéﬁgo;@@'ké%ién?”d
the costs for two points apnong the plurality of conponent nounting points,
the sPartOpdit& PENERSPlVEd epePAtpoaentaveumigrpat h cal cul ati ng step of

i ve aosuntop! reoding BrdcboRl PSRRI A e R s MREPlrtay BaZE BN ¢ he
dummy poithe igehtified @lber@ﬂithIo@fs,@ﬁ'ﬁ@@é@ém’@brﬂbté@u@%if@trsréﬂhéim Bpard;

and a nounti n%_ order determ ning step of determ ning the conpon
mount i ng OREIEti g e Oftthe coavronggtpmaintEs ;[@8ndThe operating time

reduci ng nmet ho gt i in the du int.is
~hypot heti cal p%i t egeréﬁg g)orgt(:%drnell%at?%Epgn&acgtectgnﬁnggﬁgcﬁmﬁi 2Bepoi nt
| s greeat seledtad proesessing prex@duteyo points anong the plurality of

conponent nounting points and the start point and where a cost relative to
the start point is 20 snmaller than a cost for every two points anong the

plurality29f  $REPGPERALIMYEMM A%y MthE8 S diRY £6 Claim 1,
wherein, in said processing procedure selecting step, when an
operation loss caused by a component mounter provided with a

15 rotary head which, while rotating about an axis, picks up
components and mounts the components onto a board is identified
in said operation loss identifying step, a processing procedure is
selected,

the selected processing procedure is a component mounting

20 order determination method for a component mounter that mounts
a plurality of components onto a board,

a board mark provided on a board for board positioning or a
point included in component mounting points where a component is
mounted first is defined as a start point,

25 for an arbitrary two points among a plurality of component
mounting points and the start point, a distance between the two
points or a time duration necessary from completion of mounting of
a component on one of the two points until completion of mounting
of a component on the other of the two points is defined as a cost for

30 the two points,

a point set up hypothetically as a last movement point is

defined as a dummy point, and
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[4] The operating tine reducing nmethod according to Claim?2, wherein the
conponent nounter includes a nounting head 25 which picks up a conponent
and nmounts the conponent onto a board, and a conponent supply unit which
supplies the conponent to the nmounting head, the nmounting head is a rotary
head which, while rotating about an axis, picks up the conponent and
nmounts the conponent 30 onto the board, the conponent nounter further

e antfieoncyisinEht BRfifind PLRaed. A0didfinfialRiee Mmahbar @

conponent nounting 154 point ont conforms w th
mount i ng ipeBidé®n of the rotary head, and the cost froma particul ar

conponent nountin oint to another canponpent nounting paoint is defined
based on at |e§sf3%&ﬁ8°”§”3f MO NH, thﬂc?;fﬂgom PEERITNy a%’i’éﬂ”t% stk ©fnoves
between ey APTRPNEPOSTRIAL | NP BLIDN 2 ddMBe R | thhé“eﬁgﬁﬁ%ﬁbty"‘h%"f the

rotary head perforns intermttent rotation operati‘on, and tinme’ duration
necesar FORAPRANERE FEtpoiiogt peups gndnthe swsptifes tavo poiptsearmany the

t h ti ti duci t hod [ to C ai
2 her B2y’ sheBoBRER: sRduinele LPPIES. HEF LaEtaPaaaE S84 0Fat i ng
step of emwhptpgigta cost for arbitrary two points anong the start point,

the dummy point, and the plurality of conponent 15 nounting points on the
board, and in 8al@veld#vel paghpaglcWating stiep oft eplcbatingng trevelisgs

 Thatvi auBPthoridt bl FRUGHHAR Do HEhs0 oad 1t Puislii2Rof $UBT 5F BRE°
- amony t heostafdr tivtepduits/a Avd g thandtd Mep it ahid duﬁinﬁﬁ@ﬂ@?%ﬁ@%ea

nount i ng POi nts point on the board is calculated in accordance wt
‘travel i nBl&z 88k GOTBPOSRNT BloTREINg@cnis@n the bednd; rndret hod

according to Qaifhgnting order determining step of determining the
component mounting order based of the traveling path,

15 [3] The operating time reducing method according to Claim 2,
wherein the dummy point is a hypothetical point where a cost
relative to each component mounting point is greater than a cost for
every two points among the plurality of component mounting points
and the start point and where a cost relative to the start point is
20 smaller than a cost for every two points among the plurality of
component mounting points and the start point.

[4]  The operating time reducing method according to Claim 2,
wherein the component mounter includes a mounting head
‘25 which picks up a component and mounts the component onto a
board, and a component supply unit which supplies the component
to the mounting head,
the mounting head is a rotary head which, while rotating
about an axis, picks up the component and mounts the component
30 -onto the board,
the component mounter further includes a table on which the

board is placed and which moves so that a component mounting
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wherein the dummy point is |located at the sane position as 25 the start
point. [7] The operating time reducing nmethod according to Caim1,
wherei n when an operation | oss caused by a conmponent nounter in which a
nmount i ng head for holding and transporting a 30 plurality of conponents
nmounts the plurality of conponents onto a board is identified in said
operation loss identifying step, a processing procedure is selected in

sai d progesHit"en FMhRCBAYYE cortRRmMa With 3 Corms | ecting step. the sel ected
pr ocessi ﬁl@@pr ocedure |gs gCcoonpor?g%tW'%uarltqoanpoifedﬁrHL%&BE’I%QEQHSJ) Oﬂe‘?'ﬁod of
determ ni sotmintiasyl oaddr in the case where conmponents are nounted onto

a board by a c& onen ? nount er %_ovi ded with a nmounting head that picks
up and transpo CO3h EFAM 19 BATESHb@heFR ' RYIART { B1OWORING heoptturtal ity

of conporaitherobbm i A3l @r ; ' rality
of conponent érmunt i%gﬁ%@?ﬁf‘g’“ai\tgﬁ%a%ﬁ'%%p%?ﬁﬁ%ﬁ%%%?’sagoﬁgﬂ%Q‘L§Peup | o
hypot het i%faPl {ima dusetioce nemessaryt hehenot ipei tatd eomaves NBetweati ehe

necessar y. f iopn. of mounting of a conponent to one point of the
two poi n%égnﬁﬁﬁnfé‘?ﬁghﬁgﬁﬂ&g (ﬂo'l%ﬁn_t G WIEdiRdreAcessarhewherdhepoi nt
i s definedtasy ehegdt pkefortrhe Fn’t‘érﬁ’ﬁitgéﬁt rtn tmpgféﬂbn' Sﬁg I'aggﬁ'ﬂ > a

point set, up as a start point 15 and an e conpo I ng,

P.é
and the EdHpsihtnaeaasany whesn W ecommonent newppdly Lndt wiesplias a

conmponen ' o] I nformation acquiring step of acquiring position
I nf or mat F8ﬁ’9@§h?2‘?n- nsﬂ%h@r}@rﬁrﬁﬁﬁ of 20 component nounting points and
the mpsts for two points anong the plurality of conponent nounting points

and the ggﬁmy _Eoi nt; a traveling path calculating step of calculating a
travel i ng° ) pat hheroparatingniinaamead woing nsethved ascardihar to nlapai 2, and an

end wherein said processing procedure further includes a cost
calculating step of calculating a cost for arbitrary two points among
the start point, the dummy point, and the plurality of component

15 mounting points on the board, and
in said traveling path calculating step, by using the costs
calculated in said cost calculating step, a traveling path that passes
individuai points so as to minimize a sum of the costs for two points
among the start, the dummy point, and the plurality of component
20 mounting points point on the board is calculated in accordance with

-a traveling salesman problem.

[6] The operating time reducing method according to Claim 2,
wherein the dummy point is located at the same position as
25 the start point.

[7]  The operating time reducing method according to Claim 1,
wherein when an operation loss caused by a component
mounter in which a mounting head for holding and transporting a
80 plurality of components mounts the plurality of components onto a
board is identified in said operation loss identifying step, a

processing procedure is selected in said processing procedure
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poi nt and whi ch passes individual points so as to mnimze a sumof 25 the
costs for two points anong the plurality of conmponent nounting points and
the dunmmy point; and a nounting order determining step of determ ning the
conmponent nounting order based on the traveling path. so [8] The operating
time reduci ng nethod according to Claim7, wherein the dummy point is
provided in a conponent supply unit which supplies the conponent to the
nount i ng g@ggtmglg@e]{,p] The operating time reduci ng nethod according to
Claim8, wherein the dummy point is provided at a center of a plurality of
‘conponent suppkhecpeigiatgd procaesicumproertd wepid v gontpon&nitLelodigng

operatin i ' .met hod ,accor.di to,.CJaim7, wherein said
conponem?)@D%Q‘%ﬁ%w&‘gﬁn%%q?gﬁ é% M 'RY Qt@&q%FGO‘é@e%'%fﬁES of
acqui i ngasesitiere LORMHORENS HANARS 0hEEd 'difto BObBRIEALY L cBimBBMRATEN
mounting points; a step of generating corrected position’infornmation by
corr e2t i RgOHREEp B PVl dadi witdr aamosim téoa derad that lpd kb wrmkintdytrefn s parggonent

mount | ng e eTER Ao b aBhEs 4B 55§ g BUsiie Bhu EAliBEoF CecpBansadst i on
i nf or mat ioonto the bastd,for two points anong the plurality of conponent

mounting points and the dumry point. [11] The operating tinme reducing
met hod accor di iy t&rRiteam two2points eamamenaamplopatiayi ofi tosspoaesdd by a

conmponen nter J [ a_plurality of. nounti heads each for hol ding
and trah}%gﬁrwrgg %bm%]aﬁ?’? y_aof&"&%&{né}ﬁ'gtn_ﬂfﬂﬁ‘(cr}gl BerhaPBIt 17t UP
conpmenhy pathetive yaaiddstsncdtviees the B! d@ﬁ%s%f%ﬂtih?é%uﬂa%@ﬁ' fying

step, a rocessin% procedure is selected in sai processi ng procedure
sel ect i ng€&EEHATrY AEOTEFEF RIE tHe BRIy Hingeeliareompanentporeme poinbt i ng

of the two points until completion of mounting of a component to the
other point is defined as a cost for the two points,

the dummy point is defined as a point set up as a start point

15 and an end point of component mounting, and

the component mounting order determination method
includes:

a component mounting point information acquiring step of
acquiring position information concerning the plurality of

20 component mounting points and the costs for two points among the
plurality of component mounting points and the dummy point;

a traveling path. calculating step of calculating a traveling
path in which the dummy point serves as a starting point and an end
point and which passes individual points so as to minimize a sum of

25 the costs for two points among the plurality of component mounting
~ points and the dummy point; and

a mounting order determining step of determining the
component mounting order based on the traveling path.

30 [8] The operating time reducing method according to Claim 7,
wherein the dummy point is provided in a component supply

unit which supplies the component to the mounting head.
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order determ nation nmethod of determ ning a nmounting order in the case
where a plurality of nounting heads alternately nount conponents onto one
board, 30 each nmounting head is a head that picks up and transports a
plurality of conponents so as to nmount the plurality of conponents onto
the board, 157 a conponent group that is nounted in one iteration of a
repeat ed series of operations conposed of pickup, transportation and
nmounting of the conponents perforned by each nounting head is defined as a
task, and 5 the conponent nounting order determ nation nmethod includes: an
assi gnned®]st eg het opsyiagmadimenpedantrsg troebhombanteddirantto Cheinhagyrd to

any one of the ity of mounting. heads sq that the nunmber of tasks
assigned to ea@%ééphﬁ%l%@myy%gtdﬁ&ﬁqu e 1@E ﬁe%%l@t%regg@eﬁlllﬁﬁlftdrm
and a tagif gempcriéng s%tpqﬂy%paﬂmg§tih“91@?c‘éﬂnp%ﬂ‘eﬁp§%{bg¥i&Hﬁpone”tS

assigned to each head so that a tinme duration from co on of conponent
mount$ng in the task of a mounting head wuntil start of conponent mounting

roun f . N S j !
e redodtlg. HoerghesBRitlf e efalEfa methQatherarimd bodClugR Y ™ ' "
generating stemhdr@ineacai@® tbenpbHEA t)‘nthth?'gL'BB%Peai‘?ﬁo[;ﬁ?éﬂfépar €

generated by dividing the assigned 20 conponent Into tasks so that
pi ckup aR§AHEIPgnFteBiNGIUEAE: conmponents can be conpleted by the time

nmount i ng of co t b t nt..ng he is,.conpleted. [13] . The
: _opgralti %g ti rreérfggggi ?logf n’%‘f‘ﬁﬂ[}%@ﬁ%ﬁ'hﬁ] o"%doiinhgﬁ'?,nnp%”ﬁﬁé'ﬁ 91] thed task
generat i pouistiegy bﬁ@aﬂ@@n@ﬁhﬁ@uﬁtir@@ih@ﬂng, for each of the plurality
c

of mounting heads, a nmaxi mrum nunber © onponent pickup iterations in
whi ch  pi ckup &ndteBcdfni GEBRratinghecosrpoitsht Positiome dopheaEdnwi bhin a

- correcting the position information concerning the plurality of
component mounting points based on a pickup position of the
component in the mounting head; and

15 a step of deriving, based on the corrected position
information, the cost for two points among the plurality of
component mounting points and the dummy point.

[11] The operating time reducing method according to Claim 1,
20 wherein when an operation loss caused by a component
mounter in which a plurality of mounting heads each for holding and
transporting a plurality of components mount alternately the
components onto one board is identified in said operation loss
identifying step, a processing procedure is selected in said
25 processing procedure selecting step,
the selected processing procedure is a component mounting
order determination method of determining a mounting order in the
case where a plurality of mounting heads alternately mount
components onto one board,
30 each mounting head is a head that picks up and transports a
plurality of components so as to mount the plurality of components

onto the board,
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nounting tinme for nounting conponents perforned by the other 30 nounting
heads, by conparing a pickup tinme and a recognition tine wth the nounting
time which is a time duration fromconpletion of recognition of conmponents
until conpletion of nounting performed -158 by the other nounting heads,
the pickup tinme being a tine duration from conpletion of nmounting of
conponents until conpletion of pickup, the recognition tine being a tine
duration from go ' o] 6K fi qﬂw t t: | eti gn of
recognition; aﬁdaghgbgﬁggtoprglejﬁeflﬂgta?nbé p@s?ks orqga?tﬁﬂ(;f't%#eﬁgﬁu?’il 8ty of
nount i ngrepgatedbgedies efngpehatiassi gnedposegonénpickupptiavtopotasksnso

t hat the e . CO ent pickup jterations smal Jer than or equal to
the e AL ALASEF " OpRBRLEe Mrt i nbnBe Tor e Drreaspanaumaneiies

reduci ngigreiefinte @crpadiagk t and ai m 11,  wherein said conponent nounting
order determ nation nethod further includes a nunber-of-nozzles acquiring

step of acquii®ig GEpUMdRE chopindkug nordées dékrmiratioovi dedthiadeach
nount i ng-rh,lqg(a fqQr picking up the conponents, 15 in said assignnment step, a
corrponen{ 58 mounted onto the board is assi gned to one of the plurality

of mounting hestlsasdigerfledt stiee oRCABLIGPINBUABETp SheRtS KPLROA) §Stednd i N

sai d task generating step, the conponent group assigned to each nounting
head is @ny® d8¢ baesditaspey and of Hrimlunglity ddrmmmifing héaddiso dedtt asks

is deteryp |I:9é] er.at.i ine reducing nethod,accordin o Clam
14, V\het;ﬂe‘?ﬁﬂ{nﬂe m&iﬁg&ngggwﬂﬁéuﬁ$a§ Iq.frg?‘?tR/IU(SP“gYC‘R{JWOEG';HP%S
arr amgedhehdobheaconied imgf@imc;t@jﬁgrence, and 25 in said task generating
step, the. conponent group assigned to each nounting head is divided into

tasks so that,@ifPSkedsaesating stepeof genenatbeg edvntasientor it uded
in each i : h | yural i of pounti,n eads i s equal,
and an oé@:ﬁ(ﬁﬁ%hﬁ?%%g\?ieggggt §éﬁb ﬁg%cﬁtltsir rﬁ%éda e du agon Sfrom
completion of component mounting in the task of a mounting head
until start of component mounting in the task of a next mounting
15 head is minimized.

[12] The operating time reducing method according to Claim 11,
wherein in said task generating step, for each of the plurality
of mounting heads, tasks are generated by dividing the assigned
- 20 component group into tasks so that pickup and recognition of the
components can be completed by the time mounting of components
by other mounting heads is completed.

[13} The operating time reducing method according to Claim 12,
25 wherein said task generating step includes:

a step of calculating, for each of the plurality of mounting
heads, a maximum number of component pickup iterations in which
pickup and recognition of the components can be completed within a
mounting time for mounting components performed by the other

- 30 mounting heads, by comparing a pickup time and a recognition time
with the mounting time which is a time duration from completion of

recognition of components until completion of mounting performed
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|

for holding and 25 transporting a plurality of conponents nounts the

[ 16] The operating time reducing nethod according to Caim1l1, wherein when
an operation | oss caused by a conponent 159 nounter in which a plurality
of nounting heads each for holding and transporting a plurality of
conponents nount alternately the conponents onto one board is identified
in said operation loss identifying step, a processing procedure is
selected in said 5 processing procedure selecting step, the selected

processi ngy phecgehiere nhsupt 18k LiB%; 0 149
head V\henrmyﬁ plurality o%‘l t@ %ﬂﬁ'ﬂ%ﬁé} ég%ngFI[ié;l?a%'tﬁgbyé r?oﬁﬁ]%]dggﬁg'oo nts
ont o one TEBEN dCOBHZBTHIN tOf MOWMtting béadsmiporehesaduntiat cpmmdetign anfl 10

t t [ . t t t .the pl lity of
component 2 Rl ik HhtoBniBATRARRE Fetlh GetibrarT e HanHsR T ma et ask
gener ati ngf plekupfof Beacioanpdhentd LRei|CasHNBEI dFSURRYIRIorD YHYy to be

mounted in one iteration of a repeated series of operation conposed of
pi ckup, 15 tradsph@mat Pbnganerabing i tasks foe easporattheephumatiny byf t he

ti is-def.ined - h_task for th t i gned
(o eacn kEgtl o ARa0SE By Biihg, BRE Cabaline &l coR R R witiR: Mouat s ng
in the taakkefs@ thatntheng Urade rusf icbn§bah?erﬁtfpicﬁ%@%ﬁ@ﬁs‘%i%élw he

task of next nountjng head is 20 mnimzed. operating tine
r educi ng tRENNBE etedl B0 dha maxknmm, nunHeeeiof pickumiterpdienson | oss
caused by a case where, in a conponent nounter in which a nounting head

plureityldf Thepopemasingitima hodddind rA8eh8dCakE o i @ot%rmgwifh Is a
time duration %er_ the conponents have been nounted orto the oard wuntil
a next board i ¥N&EINedSdd t 60 PRALAtSt B Waling oardart ke teronjroakon

oporat of T Lol RGPS’ & MtheSeReM8pP s el PG pbBPedt n
sai d proaegsiriggptbeedurebeel ®cpiclgupt Bpzzles that are provided in each
mounting head for picking up the components,
15 in said assignment step, a component to be mounted onto the
board is assigned to one of the plurality of mounting heads, based on
the acquired number of pickup nozzles, and
in said task generating step, the component group assigned
to each mounting head is divided into tasks, and a mounting order

20 for the divided tasks is determined.

[15] The operating time reducing method according to Claim 14,
wherein the mounting head includes a plurality of pickup

nozzles arranged along a rotating circumference, and
25 in said task generating step, the. component group assigned
to each mounting head is divided into tasks so that, in the same task
~ order, the number of components included in each task assigned to

each of the plurality of mounting heads is equal, and an order for the
divided tasks is determined. ‘
30

-[16] The operating time reducing method according to Claim 1,

wherein when an operation loss caused by a component
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the sel ected processing procedure is a nethod of reducing an -160
operating tine in the case where conponents are nounted onto a board by a
conmponent nounter provided with a nounting head that picks up and
transports a plurality of conponents so as to mount the plurality of
conponents onto the board, 5 the nethod of reducing an operating tine

I ncl udes: a board carrying-in time calculating step of cal culating the

board carfyi -ty | LS ' Ur At fter the onenf s
have been %ﬁﬁ?ggnodgmcwe &E@Mﬁfﬁ@ﬁﬁ@ﬂ%ﬁﬁ&cﬁ "CQP&& %o the
board st dpapsepprtiog i a tHeratibpordntcompdeents | arodnd HilFd Mtk gt ergiai ng
step of t 1.ning, in the case ere one iteration of a repeated series
of operagﬁéﬁbg‘@%s qi?f Qﬂ%kaﬁa\:’\gndg’ tifigbofint saidopperatian pkgor ned
by the mpgdahntifgimeadti fi st g of pi of. _conponent s
in a first tasg_ﬁs% 15 ?Ha?&pipgggggg#ﬁ?h?'c%ocnép%we@nt égi ﬁ%é‘g%)%t 'Pas%lld?or a
boar b caPfPEESSH9 procadutedelcting sbeppoard carrying-in tine. [18] The

operatingtima}r' i gethod accordingto Caim1l7, wherein the
conponent rmyn_{:i ﬁg‘}bg?gg? RYETTHAG BRO 86 Ukt IS8 MEthest of B¢ naEstiagt ask
o o oo PSR e louiR GRS hh AL ReS U0 d SRR, o

i
greatest conponent pickup ti I s adopted as 't he a up of
a conpoh€&ads alteraatelytmpaskt cempaneadswnto orcheokeard carrying-in

time. 25 [19 ing. ti i t hod ding to daim 18,
wherein sai d 1586 oP Rl 6ot NG i6edS) i aideedd s hakmiikeorn et apdot
conpay | ngran esea tp GRBEPAsK cifdRents T HIORY erﬁbldpttg@t%; pHER) A@P{%Jgﬁar d

carrying-in tine; and 30 a first erm nat |
order soCPRHIONG@RER QH® §hedveardcamibnent pickup time is smaller than the

board carryingd Pa§li<'§een§'att?ﬁl§ MRS G He22s ?:%tskcgoe gpaetr}%gpisgé(ﬁ%fti i
generating, in the case where a component group to be mounted in
one iteration of a repeated series of operation composed of pickup,

15  transportation and mounting of the components performed by the
mounting head is defined as a task, each task for the components
assigned to each head so that a time duration from completion of
component mounting in the task of a mounting head until start of
component mounting in the task of a next mounting head is

20 minimized.

[17] The operating time reducing method according to Claim 1,
wherein when an operation loss caused by a case where, in a
component mounter in which a mounting head for holding and
25 transporting a plurality of components mounts the plurality of
components onto a board, a board carrying-in time which is a time
duration after the components have been mounted onto the board
until a next board is carried in to a board stop position in the
component mounter is greater than a predetermined threshold is
30 identified in said operation loss identifying step, a processing
procedure is selected in said processing procedure selecting step,

the selected processing procedure is a method of reducing an
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- 161 is adopted as the first task and pickup of the conponent in the
first task is started within the board carrying-in tinme. [20] The
operating tine reducing nmethod according to Caim19, 5 wherein said task
order determ ning step further includes a second determ nation step of
determ ni ng, when the greatest conponent pickup time is greater than or
~equal to the board carrying-in time, a task order so that an arbitrary

t ask havi ; A | ' (o] e hoard io
carryi ng?irﬁ%rt%itlrrrggirﬂgﬁg%(l)%ttgif?sé%t%W?%sﬁ@éﬁ%%spﬁggﬁ%oqﬁﬁae%rl:tgnﬁonent
in the fbosrd byke icorspanesd miduntert peobided withr yimountingimead[thHt The
operatin % red ctin net hod according_.to Claiml, 15 wherein, in a
corrponen?JI %ﬁltpegnﬁnr SOPTES R Wg%ggatomapnﬁatai%aér@ MewBpshei ng a
pl ural it plofalegMReN&Yhp LS oht® tik W@ardy of conponents onto a board,

and a conponent group to be nounted in one ‘iteration of a repeated series
of operations thenmpetbadosf pedugingt aansperatinigotimednobudesng of the 20

conmponents perfo by.the nmounting head is_.defiped as a task, when an
operation Iossgcégggﬁ %?/rré"ﬁgé%ﬁd fCHCUIRWUNG SHRP cF tgRlcu nEhREs have

mut ual | ybdatterentryeagronetimer apaRai t 341 @Re SHARY HiirhkRyf Obrtde mg;ti ng

head or by a presence of a task in which the conponents have nutual
di f f er en€OBIPOBABES hZo/a baespoireanted eabetkediomnd Lintilt thé orexthieoapdnt i ng

head is jd Liie ' ihd operation | oss identifying step, a processing
procedur's ?@Phégl ﬂ-ﬁttégtrf% hog 'EGGEEBPeEQ?ﬁdOBr'&géﬁr%ogg?%?ﬁﬁdn%,erﬁ he

sel aot edapdocessi ng procedure is a conponent nounting mnethod of nounting a
plurality of components onto a board by using ao a holding unit that holds

and transport  tHeipguwatermining sippnehtdeteramainhe icotipenease woiete ng
hod | o : g of i Eui
{r‘f;nggo'r@g{aﬂgﬁr':‘%tdgéggf g rseofggté&i%rgr'lég'or}gops)tta?gngns' ggmpl)ogé(qgolﬁpickup
and mounting of the components performed by the mounting head is
defined as a task, timing of pickup of components in a first task so
15  that pickup of the components in a first task, for a board carried in,

is started within the board carrying-in time.

[18] The operating time reducing method according to Claim 17,
wherein the component mounting order determination

20 method further includes a task order determining step of
determining task order so that a task having the greatest
component pickup time is adopted as the first task and pickup of a
component in the first task is started within the board carrying-in

time.
25
[19] The operating time reducing method according to Claim 18,
wherein said task order determining step includes:
a comparison step of comparing a greatest component pickup
time among all tasks with the board carrying-in time; and
30 a first determination step of determining task order so that

when the greatest component pickup time is smaller than the board

carrying-in time, a task having the greatest component pickup time
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limt for a holding unit corresponding to each of the plurality of
conponents; a determ nation step of determ ning, based on the 5
transportation speed limts, a handling order for the plurality of
conponents in the holding unit so that. a tine duration that a conponent
having a | ower transportation speed limt, anong the plurality of
conponents, is held by the holding unit is reduced; and a nounting step of

ol ural | 0y o ot s the it e AR pitRup I RSk e
handl i ng tosHels searded withimthai kioadetcemmymgmntﬁh@p, and noving the

hol ding unit at a speed not exceeding the |owest transportati on speed
limt of the conponents held by the hol ding unit. 15 [22] The operating

| e edgo000 vrchogersepigiag feBLE Y Hheunhesela A aTicHghT et o

step, a hol ding order conponen g unit
i s det erm ned wheangn ﬁatdjltaﬁg order detarminiognegtepnfisridvee hedlddes a

Sodua™ | Belbnt bt dnfta ol &R nBe " el ipng, crdbeliathe e tpet "
mount i ngceheponthe MAERIIRY tirie |bs etrotﬁghd c}rhee%ﬁéf h%l'?'% PPSF% ty

conponents in accordance with the
of conpofBhf¥ Nid ifpkimed oiaskt mfdﬁdjasd th?&t [aer]armbramertaskngat\mng

r educi ng-5R4 erein in sal determ nation step,
a nount i fig ﬁ@g?ﬁgoﬁjlghg% pﬁ]’?%l igtr)? \cﬁiﬁ%eﬁfs §que et%oltbleng aard is
det eroni nedrigeinghén  tiand! [Nt @6 Peed sast ba O S ©

sequenti al I?a?)g starting fromg conp onen%3 Eg\g?ng theaﬁav\gf?klppaﬁgpg’r]?at i on
speed | ¢MPORIRATiiN H‘delfrhr&‘datalslspéeﬁta ket Wivihirg thieeppaaddcanrysiaigs in
mountin ﬁ’i p, the holding unit is nmade to hold the -163 plurality of
conponents, and the held plurality of conponents are

[21] The operating time reducing method according to Claim 1,
15 wherein, in a component mounter in which a mounting head
for hoiding and transporting a plurality of components mounts the
plurality of components onto a board, and a component group to be
mounted in one iteration of a repeated series of operations
composed of pickup, transportation and mounting of the
20 components performed by the mounting head is defined as a task,
when an operation loss caused by a presence of a task in which the
components have mutually different component transportation
speed limits for the mounting head or by a presence of a task in
which the components have mutually different component
25 transportation acceleration limits for the mounting head is identified
in said operation loss identifying step, a processing procedure is
selected in said processing procedure selecting step,
the selected processing procedure is a component mounting
method of mounting a plurality of components onto a board by using
30 a holding unit that holds and transports the plurality of components,
and

the component mounting method includes:
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mounted onto the board in accordance with the nmounting order. [24] The
operating tinme reducing nethod according to Claim?21, 5 wherein in said
speed specifying step, a transportation speed |imt . for each conponent
is specified by referring to speed infornmation that indicates
transportation speed limts for the plurality of conponents. io [25] The
operating tine reducing nethod according to Claim?21, wherein in said

speed spec Tyl agspéed ideritiAIPROSEE) gAY il 81 drab@phRghotPupaRgnt 1

specifieg. by referrln? to sizeinformation h I ndi cat’eés SI zes
pl ural i t Y/MBft é@RpdRatding dinitacorrmspandingdit atdan cipehe piutdktyhaifdi ng

unit is reshhl to be lower for 15 a conponent having a | arger size..
[ 26] The opepgtﬁ}eﬁgsfi me reduci ng nmethod according to Claim?2l1, whereinin

sai d speed speai f dietgratieption t rangpordrt idtesBsRdng i "hhskar 8a&chih
corrponengfi S sgecified by referring to weight 20 i mgérmatlon that i ngi cates

wei ght s SFaRpROpIalian spesd dinpdneat baneding nardendorr theppiuralityn ofpeed

of the h j bt b t t e _| r, for..a component havin

gr eat er &E%Qtﬁn\émg] hﬁ'hfeﬁ%pérbg@% ﬁpﬁesroegu thé rFé%od‘éE%n%PHi rﬁgattoga ai m

21, 25 whenponent kavingpaebweecirbnisp@ribebn &ddanIpelit aRBngPeRE
opponent is specified by referring to thickness

limt for eaﬁﬂ_ﬁy;: ] ] t

i nf or mat PYA QM Of CATRROSENT, ditnBe it bYothe Heolglingau hityireducrpgrends, so

that the t ' d : ' tricted to. b

Tover for o comnbartfiq e End dfpl MabilPalis) brgoHRs TS oRE i e

redudi ngthettmardibyohdindjing Heipiutalitydedr € mpd e AtS YRANGY H&ngr In
y

whi ch a no%i ng head 164 for holding and transporting a pluralit f
corponent BlindBn@Ecidangie;  with ythe Bamsbing erder odeteomidedand said

opor at oac X AHPABON sERCRAY ol MREMMORAR, FEREr T ShedhcRae”
conponengéxc@eding be hyweisé tramspioryatiead speeteiimidofthe tdftponents
held by the holding unit.
15
[22] The operating time reducing method according to Claim 21,
wherein in said determination step, a hoiding order for the
plurality of components in the holding unit is determined as the
handling order so that components are held sequentially starting
20 from a component having the highest transportation speed limit
~ identified in said speed identifying step, and .
in said mounting step, the holding unit is made to hold the
plurality of components in accordance with the handling order, and
the held piurality of components is mbunted onto the board.
25
[23] The operating time reducing method according to Claim 21,
| wherein in said determination step, a mounting order for the
plurality of components in the holding unit is determined as the
handling order so that components are mounted sequentially
30 starting from a component having the lowest transportation speed
limit identified in said speed identifying step, and

in said mounting step, the holding unit is made to hold the
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when an operation | oss caused by a presence of a task in which the
conponents have nutually different conponent transportation speed |imts
for the nounting head or by a presence of a task in which the conponents
have mutual |y different conponent to transportation acceleration limts for
the nounting head is identified in said operation |loss identifying step, a
processing procedure is selected in said processing procedure selecting

st ep, r r t|n nmet hod of
ot i n PAEPRAE St BOIR BRI <D TS el R P RE el SO Bt A e
t hat hol deoamderd ansporhe bhder dinradddnd 20f ce oniphngng $nou&lmi1 hﬁd‘é}rrponent

nmounti ng nethod includes: an acceleration identifying step of identifying a
transportation acceleration limt for the holding unit, corresponding to

Gaen o e 20t iRrdn @l fRIPEAERISg AARLY Esraﬂggﬁgtegraq 2L,

determ ning a handling or ur ali ty conp
hol di g unit baderein trmeaid rsmmﬂ)spacrmngcsmm,r attransiportésiososphald a

time dur onent ving a | ower trans rtation accel eration
limt, %—h@ Zﬁéﬂa %gﬁhu mﬂPQﬁnﬁofﬁ)oﬁBﬁFs eds by ('je rRE H& dspeednit is
reduced Ritdhativsinth YOk ueal e ont o
t he boar (Izln by handl i ng tagesltg)lgﬁ:ré;[f% ty ofﬁsg%ﬁtggedrﬁ SE?Me![etﬁV ﬁ@'ﬁ%m‘?ﬁg%gn
accor dan®éUiRlity ofecormpineqtsr der  det er ni ned in said 30 determi nation

step, and noving the holding unit with an acceleration not exceeding the
| owest transportation acceleration Iimt of the conponents held by the

hol digg gn&ﬂ Th@SomEé%trﬁgetnﬁerﬂéd@éﬂg ?ﬁefﬁggc%@@ofﬂ%ﬁjﬁ'oa(‘fl‘é%ﬁj'ﬂg to

Claim1, erein eration | oss cause y an imterference, ‘which
is a collisionVb&r@Brinc apres SpebmgmtammMDarBﬂporﬁaiaod speednt i ng

head t hap; 6@ 06U g&gﬂgﬁgﬁe%'{pgsfgec@eu Y re errcr)'r/rlrg %0 ML nformationg head

nmounts a conponen
that indicates sizes of the plurality of components, so that the

transportation speed of the holding unit is restricted to be lower for
15 a component having a larger size.

[26] The operating time reducing method according to Claim 21,

wherein in said speed specifying step, a transportation speed

limit for each component is specified by referring to weight

20 information that indicates weights of the plurality of components, so

that the transportation speed of the holding unit is restricted to be
lower for a component having greater weight. |

[27] The operating time reducing method according to Claim 21,
25 wherein in said speed specifying step, a transportation speed

limit for each component is specified by referring to thickness

information that indicates thicknesses of the plurality of

components, so that the transportation speed of the holding unit is

restricted to be lower for a component having greater thickness.
30

[28] The operating time reducing method according to Claim 1,

wherein, in a component mounter in which a mounting head
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identified in said operation |loss identifying step, a processing procedure
Is selected in said processing procedure selecting step, the sel ected
processi ng procedure is a conponent nounting 10 order determ nation nethod
of determ ning nmounting order in the case where conponents are nounted
onto a board by a conmponent nmounter provided with a nounting head that

pi cks up and transports a plurality of conponents so as to nount the

I lit f Y th t ti
Or dor derer m ooty o kedn<PorPReRe bRy Bt L OEATBREE MoRitg $igp of

det er ni ni Rlgralikyuat cagrponeatsomito bhisohedr @ﬁtﬁ%e@bﬁfb@néﬁ’étg’rb‘ﬁltﬂ ®9 he
' der tor the

conditio i a before.after _relation in the nounting o
conponen{}gtawgong PR& t&ratioryePEr i igReates sEritRwi df ngpalrbtions
conponentcomplosed asks igickyst at ugting Qrder. determined in
said nounti Lpt;sorder detpgfmu?it'nggrsteﬁ (?ggﬁ?ﬁ?alghgd, rﬁﬂgﬁém%rn?ﬂ} =)
mount P ng GHBSO Tt RPEre Kindet bryatke, miountingchee dwhe e fin s@rEPRCRA sk 9T OUP

Corposed HER 48 BPE iR X cflsdl B teishncss of vetaskponaics the
e T educt b, Mot hod Bocar o as 0 ey e WFOPEP AN e Rt 3T AN RBGRER HG or der
det er mi nSRGEH dignitshéor Ihersuntintingriveadi or dey ea Miresk see tdfak taékriher ence
between S shEn: OhBAREHRLANTE hei tually c4hTENt weempREETISS
R st R L
e oy o P el 7
oper at | ngéﬁtnt%%‘rafe@uégﬁﬁggﬁ%éagﬁrﬁg}c9598}%%‘rfeos ShtiNgsteunerein in said
mount i ng or derthietsslactédprd@ssiher pPdeBdure is a component mounting
method of mounting a plurality of components onto a board by using
15 a holding unit that holds and transports the plurality of components,
and

the component mounting method includes:

an acceleration identifying step of identifying a transportation
acceleration limit for the holding unit, corresponding to each of the

20  plurality of components;

a determination step of determining a handling order for the
plurality of components in the holding unit based on the
transportation acceleration limits so that a time duration that a
component having a lower transportation acceleration limit, among

25 the plurality of components, is held by the holding unit is reduced;
and

a mounting step of mounting the plurality of components onto
the bqard by handling the plurality of components with the holding

| unit in accordance with the handling order determined in said
30 determination step, and moving the holding unit with an
acceleration not exceeding the lowest transportation acceleration

limit of the components held by the holding unit.
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E

| o conponent, it is judged whet her another conponent or a part of another
conponent nounted on the board is present wwthin a range of a noving space
of the mounting head in the case where the nounting head nounts the
conponent onto the board by arch notion operation, and when it is judged
as being present, the 15 nounting order is determ ned so that the conponent
being judged is nounted before the another conponent. [33] The operating
time reducing method according to Claim32, wherein in said nounting order
determ ning step, a sequence 20 of conponent groups is generated as the
mount i ng [@ter The ogsratimg thme cedsicing midtbiod basedding ttheCj aiggnent

nents to be nmounted first is specified as a first

I t, f .
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second conponent group. L34] The operating time reducing nmetho
to O&i mas¥ a yReusitingnheaddthatima mgeruiewbeneantoimmpseérb, mounter

t hr ee-di Ie |, t t hree-di nensi onal positions and 30 shapes
of the coroudaRoiBhA BbuABRE NG B9 UREe . fareabnany o ayPoR coris
conponenigehtifieed Mung gt f bpetati iof 1 i, c up, in
t he generated three-dinensi gfﬁa?t'?}’arf)%?é’ség@rﬁg Bﬁ tsﬁépj' ugmsegghgt .
[35] An Bperadiuig ts releddstimgadgparetessing paocedporese|earingtstep,sai d
operating tine i p onprisi,ng. 5 an _operation |oss .
i denti fying unwgg%ééngg?g 5@%9& WQHEdH%QrbC’[ AokO NegL yBOWYdNged in-
t he monponeatr a®tevrainatiopr AFEHFODDHPHRELIHIiIRiS 'ﬁfﬁdrﬁ‘ﬂn@”b?d@Pﬁhﬁghé to

0 e

sel ect a. géoc ssing procedure for reducing an oOperating~tine
conponenf@ABUNDEN S GRIWRPBANIhATrEdeRUNied wper at hoard dysa aorhpgénant
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to d ai na3Burality of components so as to mount the plurality of components
onto the board, and
15 the component mounting order determination method
includes: ,
a mounting order determining step of determining a mounting
order onto the board based on a restriction condition concerning a
before-after relation in the mounting order for the components; and
20 a task order determining step of dividing all components into
tasks in a state where the mounting order determined in said
mounting order determining step is maintained, and determining a
mounting order for the divided tasks, in the case where a component
group to be mounted in one iteration of a repeated series of
26 -operations composed of pickup, transportation and mounting of the
‘components performed by the mounting head is defined as a task.

[30] The operating time reducing method according to Claim 29,
wherein in said mounting order determining step, the

30 mounting order is determined so that interference does not occur,
the interference being collision between components or between a

component and the mounting head that can occur when the
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wherei n when an operation | oss caused by a conponent 15 nounter provided
with a rotary head which, while rotating about an axis, picks up conponents
and nmounts the conponents onto a board is identified by said operation

| oss identifying unit, said processing procedure selecting unit is
operable to select a processing procedure, 20 the sel ected processing
procedure is a processing procedure perforned by an apparatus which

det e i e APBHENs"Ar OB oFRBPANE NSyl {he component mounter for
onto a

nounting a plurality o conponent s odrd, a board nmark provided on
a board for board positioning or a 25 point included in conponent nounting

points Le a ent.is,.munted first i efined as a start point, for
ar bi t ra\rhggtla/o 3@%?533%5953%9 5"BFUF%‘SPFW%fm@SEﬁgnéﬁﬁordﬁﬁlﬂﬁpr@'adﬁm m& and
the start poi nyh@rddinstignceaiet t [ - ratian
necessary from conpl etion o? rm\t:ﬁtgpﬂtgthg? ?gdaquo@r%gen@{ﬁtr}od gﬁé‘ggoi H‘gof t he
two poi nfBOUALING cWifAreis sletermimachisonghet iateoigremoe chosehk bat heehpoi nt
is defin t.he t i nt 168, . . a
poi nt se %g%ﬁ‘sﬁ’%fﬁéﬂoﬁﬂfﬂ'fs nﬁgPﬁg{ﬂﬂMﬁI{O%inﬂt PSCHEf i ned as a dumy
poi nt, and the nmounting order determ ning apparatus includes: a conponent

nount i ng goi nt_information acquiring unit which 5 acquires position
i nf or mat [34]cohbBeraprEating pineaiedycisfg coathadraccomlingi tg Qlaint $13nd t he

ts f t ' Lh | ural it f t ti ints, th
Start poi nt and e Bty 4t MOURd, iy dE3ERTIG aal S¥amo TR eachr ch
cal anl atesmoonedtngt tie jwdgedvalhalersthemEBRY Sohant ! g¥ % | fgrPgkh ! hat
m o S

passes individual 10 points so as to minimze a s he co or two
poi nts aRBAENERLHPRONGY MowAtedomhedboahd idymmeserdi withiand tarege

phuralityr of mARNTRGNERLPYH IRE RROThEn Kkad in the case where the

mounting head mounts the component onto the board by arch

motion operation, and when it is judged as being present, the

15 mounting order is determined so that the component being judged is
mounted before the another component.

[33] The operating time reducing method according to Claim 32,
wherein in said mounting order determining step, a sequence
20 of component groups is generated as the mounting order by
repeating a process in which, based on the judgment result, a group
of components to be mounted first is specified as a first component
group, and a group of components to be mounted next among the
components excluding said first component group is specified as a

25 second component group.

[34] The operating time reducing method according to Claim 33,
wherein in said mounting order determining step, a
three-dimensional map that shows three-dimensional positions and

30 shapes of the components mounted on the board is generated, and
a group of components to be mounted first is specified as a first

component group, in the generated three-dimensional map, based
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a nounting order determning unit which determines a nounting order for

t he conponent based on of the traveling path. 15 [37] The operating tine
reduci ng apparatus according to Caim 35, wherein when an operation |oss
caused by a component nmounter in which a nmounting head for hol ding and
transporting a plurality of conponents nounts the plurality of conponents
onto a 20 board is identified by said operation loss identifying unit, said
processinggh@pﬁg?gﬁ1éﬁ{?gghﬂg unit is operable to select a processing
procedure, the selected processing procedure is a processing procedure
executed by a conponent nounting order determ ning apparatus 25 operable

to determ a yjyounting,order. in the case where conponents are nounted onto
a board g?k‘g] c&ﬂ)oﬂgﬁ{gmt Mmepredwdngniamparaiimt folg aeadmpaneritcks up

and transpeiirted sBididid irg% t‘fiﬁ{@%%ﬁ‘}c?n OaﬁgsP%%ﬁ@rng%H'g%mgi f;

conponents onto the board, or arbitrary
of cofponent ROUMPERHONnIGsEnidentdfyimg ponitt oplireld|éste RObAEIFgEhnUP

hypot het i i.st.ance between the two points or a tinme duration - 169
necessar fﬁérrjc?m%@r!gﬁgtq%o eofe%m&ﬁq AR e SOSRRBBREA MA R ;poi nt  of the

%GB nea a2 3 LoSEFSMPRARICAS St SRR RaR Ao PR s BRE o0
p(r)]idnt hsepr9695§”bg sﬂﬁﬁtc_eﬁbmeﬁ df(? gn(taldau_ireglﬁ i DDSQFtWP(gn?@& m_oumtang,
RSN LTI R LR RS U
oi nts and the coote Tar G inoradiie RALAiuhy Snif e thosRBhlle
mount i ngab%isrﬂlgcéﬂd RIMCefFing pobaeduaetravel i ng path cal cul ating unit
whi ch cal cul ates a traveling
{36] The operating time reducing apparatus according to Claim 35,

wherein when an operation loss caused by a component

15 mounter provided with a rotary head which, while rotating about an
axis, picks up components and mounts the components onto a board
is identified by said operation loss identifying unit, said processing
procedure selecting unit is operable to select a processing
procedure,

20 the selected processing procedure is a processing procedure
performed by an apparatus which determines a mounting order for
components in the component mounter for mounting a piurality of
components onto a board,

a board mark provided on a board for board positioning or a

256 point included in component mounting points where a component is
mounted first is defined as a start point,

for arbitrary two points among a plurality of component

mounting points and the start point, a distance between the two
points or a time duration necessary from completion of mounting of

- 30 a component to one point of the two points until completion of
mounting of a component to the other point is defined as a cosf for

the two points,
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path in which the dunmmy point serves as a starting point and an end point
and whi ch passes individual points such as to mnimze a sum 15 of the

costs for two points anong the plurality of conmponent nounting points and
t he dummy point; and a nmounting order determ ning unit which determnes a
nmounting order for the conponent based on the traveling path. 20 [38] The
operating tine reduci ng apparatus according to Caim 35, wherein when an

operation | 0ss o 0 ; ter | ich.a plurality, of
nounti ng heads aemﬁ?oé)é(%gf%i ﬁgﬁgﬁﬁét'tcggﬁgﬁé 9 ﬂa‘s”ﬁ QN QP'%Bn’ﬁonent s
nmount al tdafivaedl §s thdurcompgEnts aord o one board is identified by said
operation loss,25 identifying unit, a praocessing procedure is selected by
said processi Féemp 98@@5 §Erominingt AEPSEp kS dBChidEsEsi ng
procedure is aaRfAHPTH 0 : ti-ng order
determ ni ng a}pgar at us %F maﬁgﬁﬁgﬁ?@?gﬁ@ﬂﬂ??ﬁr@ %?@3“?‘25 Fﬁgﬁl@g‘égﬁv\here
a pl ud al IACALITESEaRItoN fdreadsical tenaataiyg rhenplOTYNENTCd NIPbARRE

board, ' head, i head_t hat pick dt t

o ural 1 ¢ oD EBHDBAlS St k8T eO5Rurr Eie BPiAE PryoBe UsmERty of170
to th t [ | |

Cepeat 60 aary o R B g SSPL Rl P AR BB i

mounting of thd tcampungnpatperdlounednigyuricl hivlialogldteadacboidirtetoned as
et erm ni.ng apparatus _includes:

a task, co nent. nountjng order Us i

an assi gﬁﬁgﬁ{"@f’?ﬁﬁq gaﬁﬁ%na&gfﬂh?'%‘oﬁﬁﬁ%ﬁ 198G Baba theiiesseomdiiidbaboar d
to . .opeivfs & Al ity MMt ¢ %%g% t . of
tasilgyasgi g';nesd ??Sgg%lﬁmoqlwlﬁeg ?)I ur al dl){]ghgf rrmsjflftgirntg% ﬁe&aggg%gggﬁ%%l form
and a taSl@ideneint oy tUnetbaairdh temalaresyepdint asind othé heluradirpoaent s

assi gnedcé%p?@l‘f@n??ﬁgu%%iﬁgaﬁoﬁttsi; B, guration from
a mounting order determining unit which determines a
mounting order for the component based on of the traveling path.
15

[37] The operating time reducing apparatus according to Claim 35,
wherein when an operation loss caused by a component
mounter in which a mounting head for holding and transporting a
| plurality of components mounts the plurality of components onto a
20 board is identified by said operation loss identifying unit, said
processing procedure selecting unit is operable to select a

processing procedure,
the selected processing procedure is a processing procedure
executed by a component mounting order determining apparatus
25 operable to determine a mounting order in the case where
components are mounted onto a board by a component mounter
provided with a mounting head that picks up and transports a
plurality of components so as to mount the plurality of components

onto the board,

30 for arbitrary two points among a plurality of component
mounting points and a dummy point which is a point set up

hypothetically, a distance between the two points or a time duration
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conpl eti on of conponent nounting in the task of a particular 15 nounting
head until start of conponent nounting in the task of the next nounting
head is mnimzed. [39] The operating tine reducing apparatus according to
Claim 35, wherein when an operation |oss caused by a the case where, 20
I n a conponent nounter in which a nounting head for hol ding and
transporting a plurality of conponents nounts the plurality of conponents

onto a bopseh 1Bgd [ [ | S, ' ration after the
conponent s hasv%rg‘e)gﬁdhrmcﬁént c]eg'rgjtrgoﬁtr{g%g\oﬁra%mﬁ ch‘nq ?P%ﬁgnﬁg&ttoo%?cp?gﬁ
carried iaqf the Bwibopetntst optibesirn poetion ohm@dn tiorponanto MpLHEnt t6 tekeat er

th t er i threshold is identified b i d tion |
dont 13 I ErPBINER, PEARST 45 apresbdar dhestws! BoiRth by sai d processi ng
procedure sel eghenguHivty, pbitet 3€IRF S dP §r%g§6'ir'i‘|958“c%oﬁ%‘§§ ét%r?.;ﬁ;éﬁftess' ng

procedure executed by an apparatus uces an operating ti n the
30 caBe WKl @rcemsonentt afreomponent enoordimmaemcdy a conponent nmount er

provi ded with unt | t hat pi.cks up,and transports a plurality of
conponents so g‘%g?oé%ﬂﬂ?ﬁéﬁg HPLW'H&'W o@PQ%FTp rgniningz 1 appargtuke
board, theclapfsy:atus whi ch reduces an operating tine includes: a board

carrying-in tine calculating unit which calculates a board carrying-in
time which i s @GarPoNenRt moeuating polhet irdfaronpbiventsgdrie goeait weuohed

1 th - [ . d i i i b d st iti
O e o BB B e PRSI bAIt n S8 1 o Re SRRl Tkl Rl Tarity GheeRPaRBAtone
i ternti omofinting ppeAted ik thesc@itORsY akbOﬁéirP&ffBﬂ?@HHOEhdé’P%tﬁwgg
Yy ea S eri’n as a

mounting of the conponents perfornmed by the nounting
i 0 task, CABIRYRAEAEINOUNtHGI b O i tekap dothe ahpomawt point;a first task so that

pi ckup of the IRp.a.fi task for a. hoard carried inis started
within the boaﬁpggrgﬁ@i 8-‘:"‘@@9 F%’@E‘f&{tﬁ ”ng ‘%ﬁ&q‘éﬁaﬂauf@t@é Pebleieng
appar at usatitéondhich the@anm3bpoirbsBheELiaR a ishat iR PO nEPHALE 4T N
whi ch a nmountin h%ad .
point and which passes individual points such as to minimize a sum
15 of the costs for two points among the plurality of component
mounting points and the dummy point; and
a mounting order determining unit which determines a

mounting order for the component based on the traveling path.

20 [38] The operating time reducing apparatus according to Claim 35,
wherein when an operation loss caused by a component
mounter in which a plurality of mounting heads each for holding and
transporting a plurality of components mount alternately the
components onto one board is identified by said operation ioss
25 identifying unit, a processing procedure is selected by said
processing procedure selecting unit,
the selected processing procedure is a processing procedure
executed by a component mounting order determining apparatus
which determines a mounting order in the case where a plurality of
30 mounting heads alternately mount components onto one board,
each mounting head is a head that picks up and transports a

plurality of components so as to mount the plurality of components
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for holding and transporting a plurality of conponents nounts the
plurality of conmponents onto a board, and a conponent group to be nounted
in one iteration of a repeated series of operations conposed of pickup,
transportation and nounting of the 20 conponents perfornmed by the nounting
head is defined as a task, when an operation |oss caused by a presence of
a task in which the conponents have nutually different conponent

t ranspor t@iticobhespeged) i mts for the nounting head or by a presence of a
task in which the conponents have nmutual ly different conponent 25

t ransport at i ondaé&ENePRN8h 9Natp std obet heounhadi g bead itsratdent iofi @d by

an | on2as@MBEAISIEn 910HR Std i i lont ofi ad b
by said BrOCRRErS et it PR Bt AMlS o hoRoReE e Bk e phspaeation

pr ocedur @ric nao PN OITRS SIf 1T DEOARNHIAENLEXRIIH L &Y | g
appar at us cape({aﬁ able to determ ne 3o handling ordgﬁn?gFﬁg&ﬁlﬁﬁrng}@égg

corrpo?lent'% '&eﬂcﬁ%ianéaﬁhitarﬁberabl e to hold and transport the plurality
of conponents {p,or u -plural j of .conponents _ont o board,
and 172 the oryﬁe](? J’g(?@rpnérﬁ?ﬁg 2%‘83‘?‘3!’3@ iﬁ@%‘ées&e%@g'&agi d@RPiafrﬁ”%Hé uni t

whi ch i démtiufdess a transportation speed linmt for the holding unit

corresponding to each of the plurality of conponents; and 5 a
det er m nati on BRiASHUANEAEHEtEN i WBICh@sGigng arporfatts be bomoahteg of

f ' ' the . t port at j d
o e bRIBINOHBRIIN Wi Rk eIk ET e Fpb feaBRRahaE *PeC
t r ankpor the iumepeedfl tadks assigneteto patldft thefpeaapepest mbarhg by

the holding unjt is reduced. 10 [41] The operating tinme reducing apparatus
accor di nbeggs(i)%?rﬂ'g%s, U%%@F@}namﬁen an operation |oss caused by

and s mount] i Fens SEnERoURY AMEPWIAER SRIRIBSREN e TeRK a7 RN ded
with a neempaogehtadsaigmesd doceaubnddads@ thear @, tirie duration from
- completion of component mounting in the task of a particular
15 mounting head until start of component mounting in the task of the
next mounting head is minimized.

| [39] The operating time reducing apparatus according to Claim 35,
wherein when an operation loss caused by a the case where,
20 in a component mounter in which a mounting head for holding and

transporting a plurality of components mounts the pturality of

 components onto a board, a board carrying-in time which is a time

.duration after the components have been mounted onto the board

until the next board is carried in to a board stop position in the

26 component mounter is greater than a predetermined threshold is
identified by said operation loss identifying unit, a processing
procedure is selected by said processing procedure selecting unit,

the selected processing procedure is a processing procedure

executed by an apparatus which reduces an operating time in the

30 case where components are mounted onto a board by a component
mounter provided with a mounting head that picks up and transports

a plurality of components so as to mount the plurality of components
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identified by said operation |loss identifying unit, a processing procedure
I s selected by said processing procedure selecting unit, the selected
processi ng procedure is a processing procedure executed by a conponent
nmounting order determ ning apparatus 20 which determ nes a nounting order
In the case where conponents are nounted onto a board by a conponent
nmounter provided wwth a nounting head that picks up and transports a
pIuraIitx”qk,tﬁ@m@Qgg@;s so as to nmount the plurality of conponents onto
the board, and 25 the conmponent nounting order determ ning apparatus

i ncl udes: a nodfei agparaeus dehhriredugeasnan epecatinet eimenes)adegvunt i ng

d to the_b b . trict,i dition . ¢ i
before-af ter 8 30AH FRTCHEGTG GHEDIN00 wl WhidbruRuRtes and
task ordéroatet ecairnyitgy Ui ttivké Chvhidh the casejphker HPRREEL gheup to

be nmounted in one iteration of a repeated series l%ﬁgF operafl ons
conpoded COMPBPARIKS havadpprn anpomtaddo nbothiengoatd umil thepwmenbsard

per for e ; t ' fi.ned as, a task, divides all
corrponen?ss%%éﬁt'%%{ LH;EQ é ﬁ%fr}gtagﬁdeospﬁ)g—‘t't'f]ﬁ'e"h@?ﬁtqq{'@poé}% MR Rteh n@Bdby
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mounting order for the divided tasks. [42] A conponent nounter conprising
a unit op8PEBfediseHseN® oisHasiums campeseshof pickumang otedoting of

determn b t ' redugi ng._net hod 0 erein.said operatin
time redﬁﬂlen%oﬁg%%'ggﬁﬁg %@ﬂ‘gﬁhﬁdfﬁg ﬁ?%%ﬁa ’BBe%&P\igg&t ¢aned Qspa g.
conpunentasioudteternsiaied trhivag off Pedkielh NeF cam PR LSOM 'aoﬁ%i q4gafd £yi ng
step of {dent L fying an operation |oss to be resolved in the conponent
mount er ; LAt RIGkVRListhg corapeaantssial adirsigasiefons beaedtdargiedasdd on
the i densidiee ARERAH tAR B8SPd GAYATESS PgnBr ccedure for reducing an

[40] The operating time reducing apparatus according to Claim 35,

15 wherein, in a component mounter in which a mounting head

for holding and transporting a plurality of components mounts the

plurality of components onto a board, and a component group to be

mounted in one iteration of a repeated series of operations

composed of pickup, transportation and mounting of the

20 components performed by the mounting head is defined as a task,

when an operation loss caused by a presence of a task in which the

components have mutually different component transportation

speed limits for the mounting head or by a presence of a taskwfn

which the components have mutually different component

25 transportation acceleration limits for the mounting head is identified

by said operation loss identifying unit, a processing procedure is
selected by said processing procedure selecting unit,

the selected processing procedure is a processing procedure

executed by an order determining apparatus operable to determine

30 handling order for a plurality of components in a holding unit

operable to hold and transport the plurality of components in order

to mount the plurality of components onto a board, and
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operating tinme of the conponent nounter; and a processing procedure
executing step of executing the selected processing procedure. 20 [43] The
conponent nounter according to Caim42, wherein when an operation | oss
caused by a conponent nounter provided with a rotary head that, in a state
rotating about an axis, picks up conponents and nounts the conponents onto
a 25 board is identified in said operation |l oss identifying step, a

processing progpausedés etk ligdni n%é?éql?gﬁgqﬁngm@gsprocedure sel ecting

step, the sel ected processing proce of determ ning
conponent noun@i fpaRdeidemtity iogpomidntw himint ieie rttifies nauntranspodBatiow al i ty

of conpo Ls r board mark provi,ded on a board for board
posi t i onigﬁgeodr ﬂgﬂd@r&?&? ﬁglicg-'(’j@jupht €8 'E‘dfﬁﬂur‘ipiﬁ’fﬁ)dbé’i?rﬂq@ Rhsradity
conponenioficompoifenesnted first is defined as a start point, for arbitrary

two points among a plurality of conponent nounting points and the start
poi nt® a di st aRcéetrirbratiofeunitowichndetermanes feandiiagi ordeefessaey from

| et . ' f ' f . '
it Ccoll N ER e Mgingnfs BRTEIIGRGRY TS sl o tiut Basod d1s theri ned
as a costrdmspoktetidmo spridt SlinftPoimt sdeithdt Ny PERRET IeAaioRStRat agt

nmovenent point is defined as a. dummy point, and 10 the conponent nounting
order defEMPANRGINBENGAY BnlaWEr ntyansportedient speadt fingitpaimonignthenat i on

o o of A s B b R B S bR fhe 15
plurelity of conponent nounting points, the start point and the dummy
poi nt: [41] The operating time reducing apparatus according to Claim 35,
_ wherein when an operation loss caused by interference, which
is collision between components or between a component and a
mounting head which can occur when a component mounter
15  provided with a mounting head mounts a component on a board, is
identified by said operation loss identifying unit, a processing
procedure is selected by said processing procedure selecting unit,
the selected processing procedure is a processing procedure
executed by a component mounting order determining apparatus
20 which determines a mounting order in the case where components
are mounted onto a board by a component mounter provided with a
mounting head that picks up and transports a plurality of
components so as to mount the plurality of components onto the
_ board, and
25 the component mounting order determining apparatus
includes:

a mounting order determining unit which determines a
mounting order onto the board based on a restriction condition
concerning before-after relation in the mounting order for the

30 components; and . _
a task order determining unit which, in the case where a

component group to be mounted in one iteration of a repeated series
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a traveling path calculating step of calculating a traveling path that
passes individual points so as to mnimze a sumof the costs for two

poi nts anong the start point on the board, the dummy 20 point and the
plurality of component nounting points; and a nmounting order determ ning
step of determ ning the conponent nounting order based on the traveling
path. [44] The conponent nounter according to Claim42, 25 wherein when an

oper at i oyl ope r&§6$RIcBYn §o§8f{ﬁ<r9§|%{?§l§u§?%5ﬁrs§ﬁ{e}ﬁ¥\giow af) mgginghﬁ'gﬁ?t for
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where conponents are nounted onto a board Dy a conponent nouhter provided
wi t h & nhuatigdnedadndateterrokig agpaanduntingporder far phardiviidgdofasks.

conmponents so as to nmount the plurality of conponents onto the board, 5
for arbitrary two points anong a plurality of conponent nounting points

and a dupmR]poAntorhpShehs i ety é@fmrapfsiﬂgpat@ﬁrﬂ B?Lelréblé‘ | $hangt

between the two points or a tinme duration cessary from conpl et1on of
nount i ngCBMROBBRAEENERSEd 6he Pocantrot phecedurpoideteruniriéd cdnypl ahi on of

mount i ng n th .o, ot,her point is defined as a cost for the
two poi n?@%rgﬁ@%ﬁﬂ% %%@ﬁ?'qirﬁgﬂ]ﬂgd as a point set up as a start point
and \n_end poi whevkig@aaneperamig! tifde rdliding RRIMBIETS dTRIOIH O rBFder
determ nation nethod includes: 15 a conponent "nounting point i nformation

acqui ri niESe e G opaeating Mgmsosint i anconfpenent omeonter, nisagdt heepihodal ity
of corrpmlqmthaynti ng points and the costs for two points anong the
an operation loss identifying step of identifying an operation
foss to be resolved in the component mounter;
15 a processing procedure selecting step of selecting, based on
-the identified operation loss, a processing procedure for reducing an
operating time of the component mounter; and
a processing procedure executing step of executing the
selected processing procedure.
20
[43] The component mounter according to Claim 42,
wherein when an operation loss caused by a component
mounter provided with a rotary head that, in a state rotating about
an axis, picks up components and mounts the components onto a
25 board is identified in said operation loss identifying step, a
processing procedure is selected in said processing procedure
selecting step,
the selected processing procedure is a method of determining
component mounting order in a component mounter that mounts a
30 plurality of components onto a board,
| a board mark provided on a board for board positioning or a

point included in component mounting points where a component is
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plurality of component nounting points and the dunmmy point; a traveling
path cal cul ating step of calculating a traveling 20 path in which the
dummy point serves as a starting point and an end point and whi ch passes

i ndi vidual points such as to mnimze a sum of the costs for two points
anong the plurality of conponent nounting points and the dummy point; and
a nounting order determning step of determ ning the 25 conponent nounting

or der basgg pitelNFirbE U EIdAGenaLb o 43} g pomponent mounter according to

Claim42, wherein en an operatton ‘ed by a conponent

which a plural ifoy afbitoanyi tgohqesinteacimberg hel glng Ay oS &dh ting a
plurality of conponents nount alternately the conponents onto one board is

i denti fi dgOMA é'é\rgdeHbttsaPi thesstarlganintyiandistapce abptwesssithg pwacedur e
is selec [ b G i b ep, the selected

pr ocessi Wﬂrgcﬁﬂﬁéﬁggpég@ﬁ%%u tﬁlrdl)gjrﬁ %@%ﬁ@ﬁgh'@ﬁéﬁirﬁ&qrﬂ:ﬁnﬂe‘?ﬁod of
det er nigngofopeneatt dodena painé ofadee viheoepaimptainahtil Ye®n pTeeisr ngr heads

al t er nat unt conponents onto one, board, each nounting head is a
head thaﬁépg{g@%ﬁ%‘\&d%&ﬁ’wtt go é%eppahsriﬁquls(:@e@amag acast fiar nount
t he plur @hbtm@fpgmonents onto the board, a conmponent group to be
mounted in one iteration of a 10 repeated series of operations conposed of

pi ckup, transpdrpainbreetang foypotmgtiod!iyhescempase thsveankeitmdiky @ach
a task,, and the conponent nounting order

(T;?g Imn% ?i?@ﬂe%g%ggébﬂﬁ%ﬁyﬁﬁgéﬁ]%rlgngn assignnent step of assigning
mount ng. heads w5t parPoRERKe SASURIRIG | 8ralY, ChErelatiBhal orfekhda®
pl ural i tin@pdidgnti ng heads becones uniform and
a component mounting point information acquiring step of
acquiring position information concerning the plurality of
component mounting points and the costs for two points among the
15 plurality of component mounting points, the start point and the
dummy point;
a traveling path calculating step of calculating a traveling
path that passes individual points so as to minimize a sum of the
costs for two points among the start point on the board, the dummy

20 point and the plurality of component mounting points; and

a mounting order determining step of determining the

component mounting order based on the traveling path.

[44] The component mounter according to Claim 42,

25 wherein when an operation loss caused by a component
mounter in which a mounting head for holding and transporting a
plurality of components mounts the plurality of components onto a
board is identified in said operation loss identifying step, a
processing procedure is selected in said processing procedure

30 selecting step,

the selected processing procedure is a component mounting

order determination method of determining mounting order in the
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a task generating step of generating each task for the 20 conponents
assigned to each head so that a tine duration from conpletion of conponent
nmounting in the task of a particular nmounting head until start of
conponent nounting in the task of the next nmounting head is mnimzed. 25
[ 46] The conponent nmounter according to Caim42, wherein when an operation
| oss caused by a the case where, in a conponent nounter in mhich a

mount i ngcagetherrer@m @RS a?éal‘?ﬁﬂﬂﬁféd‘%brﬂopé%é‘ét& Ybsgf SHBB

nounts the plurality o conponents onto a oard ‘carryi ng- |§ tinme
whi ch i Sr@mﬂh@' poodiged ivitihad munhmghm@@mtphﬂmu@andmmmmo t he

board t t oardl carried in t rd osition in the
corrponen %rhpg}’ %%)% g&;[rbe;n *haf & E? é’&%f‘@?d‘ﬁ ﬁ{rl‘?"r@é’h& EOP%DODemﬁ
i denti flgdtgrtr@ab@a(pger ation loss identifying step, a processing procedure

is selected in said proce55|ng procedure selecting step, the selected
procdssi ng prd@Ed@®ifrary tmtdhopobnts ednging anplopality i af componenbe case

wh t 5h b t
o ovi dod TR REILY, TR S AT A i ST P BRS A RO SR vRy of
conponeniygpsothasicadl yreudistiditce Pt dr lfh@ftv%”ﬂl‘i’irr‘&@tér antimé bR s, and

the operating tine reduction nethod i ncl udes: board carrying-in tinme
“cal cul atMREEES@LY HroMacem Ristion #Ff meuwang @faa rcam@anent he ode m:ns a

time dur 0 en, nount.ed onto the hoa unt|I
the nextSbilr sd B oA TG EGIEHE G- TRLRr Eoro i ehenL oyt

mounver ot polntiineefetedragsinaost drofhal el Bolhtg, when one |terat| on
of a repeated serles of operations conposed of glcku and mounting 15 of

t he conponent $NEed H B Mt PEYNt rig d@ﬁmedngsrﬁs@@m Sdf Upedls &5 shartaploint i mi ng

" the  rndar SRFPRRINE dittniaafbntaReRRh e afea Wi hi ' the board -

carrying-in tithe. 20nig@heflte aovpatieny mrddrer deceprfinedid® CGrdtRAR,
includes:

15 a component mounting point information acquiring step of
acquiring position information concerning the plurality of
component mounting points and the costs for two points among the
plurality of component mounting points and the dummy point;

a traveling path calculating step of calculating a traveling

20 pathin which the dummy point serves as a starting point and an end

point and which passes individual points such as to minimize a sum
of the costs for two points among the plurality of component
mounting points and the dummy point; and
a mounting order determining step of determining the
- 25 component mounting order based on the traveling path.

[45] The component mounter according to Claim 42,
wherein when an operation loss caused by a component
mounter in which a plurality of mounting heads each for holding and
30 transporting a plurality of components mount alternately the
components onto one board is identified in said operation loss

identifying step, a processing procedure is selected in said
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wherein, in a conponent nounter in which a nmounting head for holding and
transporting a plurality of conponents nounts the plurality of conponents
onto a board, and a conmponent group to be nounted in one iteration of a
repeated series of operations 25 conposed of pickup, transportation and
nounting of the conponents perfornmed by the nounting head is defined as a
task, when an operation | oss caused by the presence of a task in which the

conmponent ot ent transportation speed limts
for the S%:é‘%b ﬁdé,dlgf‘é %VISE{:I ?Ogggabf a task in 30 which the

conponent s havéhmﬁelaelcltyddpf’tbeessnmg:m@@we ig @nepefipahie@t REAGhEHAL 1 on
in said operation | oss

limts faor the untlng headl?_ 8 é

i dent i fyloﬁgegt premingtiodsimgthe eiré"“mfl“%né@liééltf‘eﬂj ardegaini the
processi gaspr ogRdpEe $e nel, StHep, e eis a
conponent nounti ggé naZt gPél tg’/rmmt |mng g‘tg’ﬁ ity o%qgeéﬁjpéc}%éﬂt ?ﬁgﬁ'{ a
boar cb by Caghpgneathcdniomgnmibtoatdyt hol ds and transports the plurality of

conmponent s, t he canpopent, nountin t hod includes; a speed

i denti fying stggcﬁfn"iod'é’?ﬁmﬂyﬂﬁ&d 1% Pa'ﬂ@ﬁgrﬂg@’i Bickpasyand ﬁf@%l@@”tshé

hol di ng piir¢a| R s I

determ ngtl oanﬁg gg of gl%ﬁn%%mgﬁgé‘%gédl I ngrwo? é b#%rﬁq{tMeBPgﬁﬁ‘ﬁgﬁh%‘%f
conponenP8tpditeobeeddyy the hol ding unit based on the transportation speed
limts sothata havi ng a | ower

ime_duration that conponent
transportation sB@EbP‘PE‘ﬁP ABHE f}:l‘?eahﬁ’ R %f'ncgﬂﬁoh@f@i'q@ RéI A by
‘the fiol dragesred ésriesdyeesheridohs Wﬁﬁééﬁgoﬁrﬁfﬁkﬂ hﬁ%é%@{t{]ﬁ?%g

plurality of conponents with the hoI unrt accor'danc
handl i ngaadd@md&l@gr@hbldeuaﬂmmmem alemfmanle«mbyt@@chaﬂd)mmggﬁéél@
hol di ng p xceedlng the | owest transportation speed
limt of{é éf@or%g%eﬁﬁ% e?a by the holding unit so as to nount the
plurality of atporempontthtontAclitidgarsrder determination method
includes:
15 an assignment step of assigning components to be mounted

onto the board to any one of the plurality of mounting heads so that
the number of tasks assigned to each of the plurality of mounting
heads becomes uniform; and
a task generating step of generating each task for the
20 components assigned to each head so that a time duration from
completion of component mounting in the task of a particular
mounting head until start of component mounting in the task of the
next mounting head is minimized.

25 [46] The component mounter according to Claim 42,
| wherein when an operation loss caused by a the case where,
‘in a component mounter in which a mounting head for holding and
transporting a plurality of components mounts the plurality of
components onto a board, a board carrying-in time which is a time
30 duration after the components have been mounted onto the board
until the next board is carried in to a board stop position in the

component mounter is greater than a predetermined threshold is
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[48] The conponent nounter according to Caim42, wherein when an operation
| oss caused by interference, which is collision between conponents or
between a conponent and a 25 mounting head that could occur at the tine
that a conmponent nounter provided with a nounting head nounts a conponent
on a board, is identified in said operation |oss identifying step, a
processing procedure is selected in said processing procedure selecting

tied J; L g pLo re,ls..a compopent nounting _order
et o i ot o Heehad oG B TEER! FabuPERT AR Schcecpsris
conponent Breged worins exklectedairbsaid grpca ssongopesteddrd JEHBtiRg ?Eé’ﬁﬁ ded

| ' d, that, picks up and transports a plurality ™
Somponents so 304 oelismd BRECFAMg ProceRLgsnisonaneshoshob refiacbnarah and

anee i i Nl i in des; ,a unting
grge(r:oggt er rr|1t antinﬁgntslthgg Ig]; gﬁgt‘gﬁr‘?nﬁggﬁog@nﬂ%ﬁggﬁgaﬁeo%guﬁﬁgdb%g‘?%l dased
on a Pest?9@kd &Y scrRMparerbmeuntey privefided- witien rred @b tio healdehat

[ nts; and a task order determning step of, in
The case MRRPa nd DT ERRERT 2 gDy A Grpmraninseras toanaunsihg &

rounti ng ot T he Cormaneat e rert oy e Rl JHL i ng head i o def i ned as a
task, dividi _ngtlaﬁ!0l@@ﬁ@bﬁ@nt!@;}Ewmo?gggsdge?ﬂ?ﬁeliﬁ: itgelgmrigit In?gi ned.
R T A S RN
..10.. board carrying-in time which is a time duration after the
components have been mounted onto the board until the next board
is carried in to a board stop position in the component mounter; and
a timing determining step of determining, when one iteration
of a repeated series of operations composed of pickup and mounting
15 of the components performed by the mounting head is defined as a
task, timing of pickup of components in a first task so that pickup of
- the components in the first task for a board carried in is started

within the board carrying-in time.

20 [47] The component mounter according to Claim 42,
wherein, in a component mounter in which a mounting head
for holding and transporting a plurality" of components mounts the
plurality of components onto a board, and a component group to be
mounted in one iteration of a repeated series of operations
25 'composed of pickup, transportation and mounting of the
components performed by the mounting head is defined as a task,
when an operation loss caused by the presence of a task in which the
components have mutually different component transportation
speed limits for the mounting head or by the presence of a task in
| 30 which the components have mutually different component
transportation acceleration limits for the mounting head is identified

in said operation loss identifying step, a processing procedure is
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selected in said processing procedure selecting step,

the selected processing procedure is a component mounting
method of mounting a plurality of components onto a board by using
a holding unit that holds and transports the plurality of components,
and

the component mounting method includes:

a speed identifying step of identifying a transportation speed
limit for the holding unit corresponding to each of the plurality of
components;

a determination step of determining handling order for the
plurality of components performed by the holding unit based on the
transportation speed limits so that a time duration that a component
having a lower transportation speed limit among the plurality of
components is held by the holding unit is reduced; and

a mounting step of handling the plurality of components with
the holding unit in accordance with the handling order determined in
said determination step, and moving the holding unit at a speed not
exceeding the lowest transportation speed limit of the components
held by the holding unit so as to mount the plurality of components
onto the board.

[48] The component mounter according to Claim 42,

wherein when an operation loss caused by interference, which
is collision between components or between a component and a
mounting head that could occur at the time that a component
mounter provided with a mounting head mounts a component on a
board, is identified in said operation loss identifying step, a
processing procedure is selected in said processing procedure
selecting step, "

the selected processing procedure is a component mounting
order determination method of determining mounting order in the

case where components are mounted onto a board by a component
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mounter provided with a mounting head that picks up and transports
a plurality of components so as to mount the plurality of components
onto the board, and

the component mounting order determination method
includes:

a mounting order determining step of determining mounting
order onto the board based on a restriction condition concerning
before-after relation in the mounting order for the components; and

a task order determining step of, in the case where a

~component group to be mounted in one iteration of a repeated series

of operations composed of pickup, transportation and mounting of
the components performed by the mounting head is defined as a
task, dividing all components into tasks in a state that the mounting
order determined in said mounting order determining step is
maintained, and determining mounting order for the divided tasks.
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